Impacts of Updated Design Rainfall Values on Louisiana Infrastructure by Durbic, Mario
Louisiana State University
LSU Digital Commons
LSU Master's Theses Graduate School
9-1-2018
Impacts of Updated Design Rainfall Values on
Louisiana Infrastructure
Mario Durbic
Louisiana State University and Agricultural and Mechanical College, mdurbi3@lsu.edu
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Environmental Education Commons, and the Water Resource Management
Commons
This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.
Recommended Citation
Durbic, Mario, "Impacts of Updated Design Rainfall Values on Louisiana Infrastructure" (2018). LSU Master's Theses. 4798.
https://digitalcommons.lsu.edu/gradschool_theses/4798
 

















Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
In partial fulfillment of the 
Requirements for the degree of 




















B.A. Louisiana State University, 2015 





From being affected by the Great Louisiana Flood of 2016 and starting my very first 
graduate class one week after, the road has not been an easy one, to say the least. This research 
would not have been possible without some important people who have supported me not only 
during the course of this research but throughout my Master’s degree.  
 I am grateful to all colleagues that I have had the pleasure to meet and work with during 
this and other related projects. I would like to thank all of my professors for providing me extensive 
personal and professional guidance and teaching me a great deal about both scientific research and 
life in general.  
 I would like to thank the members of my Thesis Committee, Dr. Barry D. Keim and Dr. 
Zhiqian Deng. A special thank you to Dr. Clint S. Willson, the advisor and chairman of my 
committee, who introduced this study to me. He has taught me more than I could ever give him 
credit for. Without his guidance, mentoring, knowledge, and patience, this research would not have 
been completed.  
 Above all, I would like to thank my family, my parents Ivica and Radmila, my brother, 
Dario, for their love, inspiration, personal support, and great patience. You have all helped me to 
















List of Tables ..................................................................................................................... iv 
 
List of Figures .................................................................................................................... vi 
 
Abstract ............................................................................................................................ viii 
 
Introduction ......................................................................................................................... 1 
 
Literature Review................................................................................................................ 7 
 
Objective of Research ....................................................................................................... 14 
 
Study Area ........................................................................................................................ 15 
 
Methodology ..................................................................................................................... 16 
 
Conclusions and Recommendations ................................................................................. 82 
 
References ......................................................................................................................... 87 
 














List of Tables 
 
Table 1. Ann Arbor precipitation totals from Bulletin 71 and Atlas 14 (Bulletin 71/Atlas 14) in inches, for various 
design storms along with percent change between the two in brackets ......................................................................... 9 
 
Table 2. Design precipitation and peak discharge for each watershed in the study (Markus et al., 2007) .................... 9 
 
Table 3. Kolmogorov-Smirnov Test Results ............................................................................................................... 17 
 
Table 4. Design Storm Frequencies (LADOTD Hydraulics Manual, 2011) ............................................................... 17 
 
Table 5. Peak Discharge Determination for Ungagged Sites (LADOTD Hydraulics Manual, 2011) ......................... 18 
 
Table 6. Rainfall Intensities for Region 1 .................................................................................................................... 20 
 
Table 7. Rainfall Intensities for Region 2 .................................................................................................................... 20 
 
Table 8. Rainfall Intensities for Region 3 .................................................................................................................... 21 
 
Table 9. Louisiana Rainfall Depths (inches) for NRCS Method (LADOTD Hydraulics Manual, 2011) .................... 22 
 
Table 10. Comparisons of derived hourly rainfall intensities for each of the return periods (a-f) using LADOTD vs 
NOAA Atlas 14 mean values (LADOTD/Atlas 14) along with percent change between the two in brackets ............ 23 
 
Table 11. Comparisons of derived rainfall depths (in), LADOTD and NOAA Atlas 14 mean values, 
(LADOTD/Atlas 14), for each city along with percent change between the two in brackets ...................................... 32 
 
Table 12. Comparisons of derived hourly rainfall intensities for each of the return periods (a-f) using LADOTD vs 
NOAA Atlas 14 upper bound values, (LADOTD/Atlas 14), along with percent change between the two in brackets
 ..................................................................................................................................................................................... 40 
 
Table 13. Comparisons of derived rainfall depths (in), LADOTD and NOAA Atlas 14 upper bound values, 
(LADOTD/Atlas 14), for each city along with percent change between the two in brackets ...................................... 49 
 
Table 14. Example Excel Spreadsheet used to calculate all of the parameters needed in design of an Open Roadside 
Channel. ....................................................................................................................................................................... 62 
 
Table 15. Resulting Peak Discharges for 50 year return period with mean NOAA Atlas 14 ...................................... 62 
 
Table 16. Resulting Peak Discharges for 50 year return period with upper bound estimates from NOAA Atlas 14 .. 62 
 
Table 17. Manning’s Roughness Coefficient for Channel Linings (LADOTD Hydraulics Manual, 2011) ................ 63 
 
Table 18. Results using the Excel Spreadsheet for each channel (a. Open Excavated, b. Open Lined, c. Highway 
Channels and Swales with Maintained Vegetation) using mean estimates from NOAA Atlas 14 .............................. 63 
 
Table 19. Differences (%) in resulting parameters for individual city when compared to LADOTD suggested 
parameters for each of the return periods using NOAA Atlas 14 mean estimates ....................................................... 66 
 
Table 20. Results using the Excel Spreadsheet for each channel (a. Open Excavated, b. Open Lined, c. Highway 
Channels and Swales with Maintained Vegetation) using upper bound estimates from NOAA Atlas 14 ................... 67 
 
Table 21. Differences (%) in resulting parameters for individual city when compared to LADOTD suggested 




Table 22. HY-8 Initial Data Inputs for Each One of the Culverts. (a-concrete, b-corrugated) .................................... 75 
 
Table 23. Tables (a-f) ADH and AHW for concrete and corrugated pipes using 50 and 100 years return period peak 

























List of Figures 
 
Figure 1. The Precipitation Frequency Data Server (US Department of Commerce, 2005) .......................................... 5 
 
Figure 2. TP40 versus NOAA Atlas 14 Precipitation Depths for Wisconsin (Hahn and Humpal, 2014).................... 10 
 
Figure 3. Changes in 10-year and 100 –year 24-Hour precipitation across Kansas (McEnroe, Young, 2014) ........... 11 
 
Figure 4. Regional Rainfall Distributions for the Ohio Valley and neighboring states (left) and 24-hour rainfall 
distribution plot (right) (Merkel et al. 2014, p. 6) ........................................................................................................ 12 
 
Figure 5. Louisiana Rainfall Regions with cities of interest ........................................................................................ 15 
 
Figure 6. Rainfall Intensity Curves for Rational Method  ........................................................................................... 19 
 
Figure 7. Comparisons of rainfall intensities (in/hr) for each return period for Region 1 between LADOTD Manual 
intensities and cities that fall within the region with intensities derived using NOAA Atlas 14 rainfall intensities.... 27 
 
Figure 8. Comparisons of rainfall intensities (in/hr) for each return period for Region 2 between LADOTD Manual 
intensities and city that fall within the region with intensities derived using NOAA Atlas 14 rainfall intensities ...... 29 
 
Figure 9. Comparisons of rainfall intensities (in/hr) for each return period for Region 3 between LADOTD Manual 
intensities and city that fall within the region with intensities derived using NOAA Atlas 14 rainfall intensities ...... 31 
 
Figure 10. Comparisons of rainfall depths (in) for each return period for Region 1 between LADOTD Manual 
intensities and city that fall within the region with rainfall depths derived using NOAA Atlas 14 ............................. 34 
 
Figure 11. Comparisons of rainfall depths (in) for each return period for Region 2 between LADOTD Manual 
intensities and city that fall within the region with rainfall depths derived using NOAA Atlas 14 ............................. 36 
 
Figure 12. Comparisons of rainfall depths (in) for each return period for Region 3 between LADOTD Manual 
intensities and city that fall within the region with rainfall depths derived using NOAA Atlas 14. ............................ 38 
 
Figure 13. Comparisons of rainfall intensities (in/hr) for each return period for Region 1 between LADOTD Manual 
intensities and cities that fall within the region with intensities derived using NOAA Atlas 14 upper bound rainfall 
intensities ..................................................................................................................................................................... 43 
 
Figure 14. Comparisons of rainfall intensities (in/hr) for each return period for Region 2 between LADOTD Manual 
intensities and city that fall within the region with intensities derived using NOAA Atlas 14 upper bound rainfall 
intensities ..................................................................................................................................................................... 45 
 
Figure 15. Comparisons of rainfall intensities (in/hr) for each return period for Region 3 between LADOTD Manual 
intensities and city that fall within the region with intensities derived using NOAA Atlas 14 upper bound rainfall 
intensities ..................................................................................................................................................................... 47 
 
Figure 16. Comparisons of rainfall depths (in) for each return period for Region 1 between LADOTD Manual 
intensities and city that fall within the region with rainfall depths derived using NOAA Atlas 14 Upper Bound 
Estimates...................................................................................................................................................................... 51 
 
Figure 17.Comparisons of rainfall depths (in) for each return period for Region 2 between LADOTD Manual 





Figure 18. Comparisons of rainfall depths (in) for each return period for Region 3 between LADOTD Manual 
intensities and city that fall within the region with rainfall depths derived using NOAA Atlas 14 Upper Bound 
Estimates...................................................................................................................................................................... 55 
 
Figure 19. (a-f) Top graph is comparisons of derived rainfall intensities (in/hr) for each return period. Bottom graph 
is comparisons of calculated peak discharge (cfs) values using each of the rainfall intensities previously derived with 
assumptions stated for Rational Method. ..................................................................................................................... 59 
 
Figure 20. Comparisons for Open Excavated Channel, Open Lined Channel, and Highway Channels and Swales 
with Maintained Vegetation ........................................................................................................................................ 65 
 
Figure 21. Comparisons for Open Excavated Channel, Open Lined Channel, and Highway Channels and Swales 
with Maintained Vegetation ........................................................................................................................................ 68 
 
Figure 22. Guidelines for design parameters Allowable Headwater, AHW, and Allowable Differential Head, ADH 
(LADOTD Hydraulics Manual, 2011) ......................................................................................................................... 71 
 
Figure 23. Peak Discharge data (left) and input data editor (right) in HY-8 ............................................................... 73 
 
Figure 24. Data Inputs needed in HY-8 ....................................................................................................................... 74 
 
Figure 25. Example HY-8 Output for each culvert, designed using LADOTD’s Peak Discharges, showing AHW and 
ADH ............................................................................................................................................................................ 76 
 
Figure 26. ADH and AHW, both in feet, for concrete and corrugated pipes using 50 and 100 years return period 
peak discharges from LADOTD Manual and compared to the NOAA Atlas 14th estimates for each city. A line 
(black line) is drawn to indicate the one foot; if the blue column, representing ADH, is larger than the one foot at 
that point the design is not satisfactory, similarly if the orange column, representing AHW, is smaller than one foot 






















The Louisiana Department of Transportation and Development (LADOTD) has a 
Hydraulics Manual which sets forth drainage design standards and codes for projects. The Manual 
contains maximum annual 24-hour rainfall maps and Intensity-Duration-Frequency (IDF) curves 
for the return periods of 2, 5, 10, 25, 50, and 100 years. The Manual divides Louisiana into three 
regions and specifies that all of the cities within a given region should use the same estimated 
rainfall intensities and rainfall depths. NOAA Atlas 14, the Precipitation-Frequency Atlas of 
United States, contains the latest rainfall data and statistics for much of the United States and 
provides the ability to gather rainfall intensities and depths on a city-wide scale. Using Atlas 14, 
intensities and depths for the return periods of 2, 5, 10, 25, 50, and 100 years were gathered at the 
local (rather than the regional) level enabling comparisons of individual cities’ rainfall intensities 
and depths to those published in the Manual. Six cities were chosen in three different LADOTD 
designated regions: Baton Rouge, New Orleans, Lafayette, and Lake Charles (Region 1), 
Natchitoches (Region 2), and Shreveport (Region 3). Comparisons with NOAA Atlas 14 show that 
the methods employed in the Manual underestimate the design rainfall intensities and depths in 
most of the cities for every return period. Intensities and depths in Baton Rouge presented the least 
underestimation, while New Orleans and Lake Charles presented the largest. Further comparisons 
were done using the upper bound limits of the 90% confidence interval from NOAA Atlas 14 
versus the same LADOTD estimates. With this approach, the underestimates increased 
significantly in all cities.  
The second part of this thesis analyzed the impact of design storm intensities on two types 
of water related projects – open roadside channels and culverts. Results have shown that the 
differences in design parameters follow the pattern of underestimating correspondingly to the 
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resulting differences in rainfall intensities. For the design of channels, in all cities, area of flow, 
depth, and width parameters increased slightly and the actual design using LADOTD values, with 
addition of Free Board, would be able to carry the peak discharges derived using NOAA Atlas 14 
mean intensities. However, using upper bound estimates, parameters increased significantly and 
the actual design using LADOTD values would not be able to carry the peak discharges, derived 
using NOAA Atlas 14, in all cities. Allowable Differential Head (ADH) and Allowable Headwater 
(AHW) are the two primary design parameters in the design of a culvert. It was determined that 
for Baton Rouge, Lafayette, New Orleans, and Lake Charles the pipe sizes, proposed with the use 
of LADOTD’s peak discharges, would not satisfy parameters. Therefore, larger pipe sizes or 














For many years, climate change has been a looming threat on the minds of infrastructure 
engineers. But recently, this threat has become much more apparent to the general public. The 
effects of climate change, mainly changes in extreme temperatures, variations in precipitation, 
severe weather, increased sea levels, and in some areas, a decrease of clean water availability can 
all be damaging to infrastructure (Dove, 2017). Rainfall is a principle component of the hydrologic 
cycle, and its magnitude is a fundamental requirement of many hydrologic studies (Naghavi, 
1991). While there are site characteristics that influence the measurable interception and flow of 
storm water, there are also rainfall characteristics that are considered. Design rainfalls are based 
on the statistical analysis of historical rainfall data to determine the design rainfall depth or design 
rainfall intensity corresponding to selected storm durations and frequencies. Storm intensity is the 
amount of rainfall for a given unit of time and is generally measured in inches per hour. Storm 
duration is the length of the time between the onset of precipitation and its end (Weiler et al., 
2009). The duration refers to the length of time that rainfall occurs. According to American 
Meteorological Society rainfall frequency is:  
“the probability distribution specifying the exceedance probability of different rainfall 
depths for a given duration (such as 1 hour, or a 24-hour day). The exceedance frequency is often 
reported as a return period (in years), which is the reciprocal of the annual exceedance frequency.”  
(American Meteorological Society, 2015).  
 
It is an important design parameter because it identifies the level of risk acceptance for the 
design of highway structures (LADOTD Hydraulics Manual, 2011). Design rainfalls are used by 
engineers to determine the flood capacity and water level to meet required levels of safety. They 
are also used to assign a probability to an observed rainfall event and to make decisions about 
flood warnings and emergency management (Design Rainfalls, 2015).   
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In Louisiana, one of the many problems in the design of highway projects is the satisfactory 
conveyance or transfer of surface runoff from the area of interest. The water from the roadway, 
roadside channels and streams crossing the project must be conveyed properly without causing 
property or highway damage due to flooding or erosion. The LADOTD Hydraulics Manual sets 
forth drainage design standards for the Louisiana Department of Transportation & Development 
(LADOTD) projects (LADOTD Hydraulics Manual, 2011). Various graphs consisting of rainfall 
intensity versus duration for various frequencies within the LADOTD 2011 Hydraulics Manual 
have been prepared for storms with return periods of 2, 10, 25, 50, and 100 years. Dr. Babak 
Naghavi prepared these graphs, in his 1991 publication “LADOTD 24-Hour Rainfall Frequency 
Maps and I-D-F Curves.” In the late 1980s, LADOTD was still using Technical Paper-40 (TP-40), 
which was developed by David Hershfield in 1961, as the source of obtaining the rainfall design 
estimates. The objective of Dr. Naghavi’s 1991 publication was to develop better maximum annual 
24-hour rainfall maps and I-D-F curves for return periods of 2, 5, 10, 25, 50, and 100 years than 
those currently used (TP-40). According to his research, Dr. Naghavi obtained the data of hourly 
precipitation from the National Climatic Data Center (NDCD) of National Weather Service 
(NWS), and the U.S. Department of Commerce. Between the years 1948 and 1987, there were a 
total of 92 “rainfall observation stations” in Louisiana. To show a trend in the records with reliable, 
statistical analysis, any station located in a 10-mile proximity were counted in addition to those 
stations with no long-term trend. Grouping the rain gauges in this way augmented the total number 
(26) of synthesized, or representative, stations. Based on the calculations of hourly (1, 3, 6, 12, 24, 
36, 48, 60, 72, 84, and 96) quintiles for six return periods (2, 5, 10, 25, 50 and 100 years) the I-D-
F curves were developed. Dr. Naghavi writes, “the corresponding rainfall intensities for the 11 
durations and six return periods were generated using LPEAR3 (Log Pearson Distribution type 3) 
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in conjunction with the method of moments for parameter estimation for all 26 stations” (Naghavi. 
1991, p. 10). With these computed rainfall intensities, he presented a three parameter non-linear 
model: 
I = a (D + b) ^ c            Where: 
a, b, and c are three constant parameters;  
I is the rainfall intensity (inches/hour) for a given return period; 
D is the rainfall duration (hours).   
Considering the recent extreme events and damages to the state of Louisiana, the rainfall 
frequencies and magnitude patterns provided in Dr. Naghavi’s publication need to be reexamined 
for the following reasons:  
a. There are 30 additional years of precipitation data since its publication. 
b. Climate change on a global level as well as the potential increase in frequency of 
extreme meteorological events (Faires et al., 1997). 
c. The analysis was based on a regional scale approach; Louisiana was divided into three 
regions and all the cities within designated region are assigned the same rainfall depth 
and intensity  
NOAA Atlas 14 contains the latest rainfall data for much of the United States and U.S. 
affiliated territories. The Atlas is intended as the U.S. Government source of precipitation 
frequency estimates and associated information (Perica et al., 2013). The Atlas is divided into 
volumes based on geographic region of the country.  NOAA Atlas 14 Volume 9 provides 
precipitation frequency estimates for six southeastern states: Alabama, Arkansas, Florida, Georgia, 
Louisiana, and Mississippi. All of the rainfall data can be accessed at city level scale. It includes 
4 
 
precipitation-frequency data for durations from 5 minutes to 60 days and frequencies of 1-1,000 
years with 90% intervals. A confidence interval provides a range of values that is likely to contain 
the population parameter of interest. In this study the population parameters of interest are the 
rainfall intensity and rainfall depths. The probability that the true parameter value lies within the 
confidence interval is Confidence Level and is generally chosen to be at 90, 95, or 99 percent.  
In the NOAA Atlas 14 Volume 9, the relationship between the frequencies of precipitation 
and magnitude at individual stations were calculated from a regional frequency analysis approach. 
These calculations were based on L-moment statistics and calculated using either annual maximum 
series or partial duration series (Perica et al., 2013). On one hand, the analyses of frequency were 
shown using an annual maximum series (AMS) for seventeen durations (15-minute, 30-minute, 1-
hour, 2-hour, 3-hour, 6-hour, 12-hour, 1-day, 2-day, 3-day, 4-day, 7-day, 10-day, 20-day, 30-day, 
45-day and 60-day). On the other hand, some frequency estimates were calculated based on a 
partial duration series (PDS). The difference is that a PDS analysis includes all amounts for a 
specified duration at a specific station above a prior specified threshold regardless of the year. 
Also, some frequencies were developed from AMS data and converted from a formula that allows 
for conversion between AMS and PDS. Estimates of precipitation frequency taken at 5-minute and 
10-minute durations came from corresponding 15-minute estimates (Perica et al., 2013).  
Confidence intervals at 90% were used to determine the uncertainty in estimates on the 
frequency curves of both AMS and PDS. Analyzing frequency involves applying an assumed 
distribution function to the data. Certain distribution functions were used in NOAA Atlas 14 to 
identify the best precipitation frequency estimates for the project area across all frequencies and 
durations (specifically 3-parameter Generalized Extreme Value (GEV), Generalized Normal, 
Generalized Pareto, and Generalized Logistic and Pearson). The GEV distribution was found to 
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be the preferred method and was used across all stations and for all durations for the following 
reasons. First, GEV is a generally recommended distribution method used for analysis of extreme 
events. Second, it provides an accurate fit to data more often than any other distribution. Finally, 
the changes in distribution type over differing durations or regions results in obvious 
discontinuities in frequency estimates across durations or between nearby locations, particularly 
at less common frequencies (Perica et al., 2013).  
The resulting rainfall depths and rainfall intensities are provided in tabular and graphical 
formats through the user friendly Precipitation Frequency Data Server (PFDS); 
http://hdsc.nws.noaa.gov/hdsc/pfds. PFDS (Figure 1) is a point-and-click interface developed to 
deliver NOAA Atlas 14 precipitation frequency estimates and associated information. 
 
Figure 1. The Precipitation Frequency Data Server (US Department of Commerce, 2005) 
 
 Across the Louisiana, patterns in precipitation have been changing. Historical records and 
analyses done within the LADOTD Hydraulics Manual do not accurately reflect the present and 
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projected rainfall depths and rainfall intensities. Because almost all current infrastructure has been 
designed using climatic design values derived from historical climate data, any changes in regional 
climates will require changes to how structures are engineered, maintained and operated (Auld, 
2008). Unlike the studies done in LADOTD Hydraulics Manual, NOAA Atlas 14 Volume 9 
includes most recent 30 years of rainfall data and greater number of gauge stations which in the 
end leads to more accurate rainfall depth and rainfall intensity estimates. Using the best available 
data for the management of storm water will produce a better design of water related infrastructure 




















Dove (2017, p. 1) wrote:  
“there has been a big increase in weather and climate disasters with damages in the billions 
of dollars in the U.S. over the last few years. And these numbers will only continue to rise as the 
climate worsens and our civil infrastructure becomes more and more overloaded. In order to save 
future lives, as well as our cities, civil and environmental engineers need to incorporate climate 
change information into their design standards moving forward. But this is much easier said than 
done.”  
 
This idea of climate change having a strong impact on our existing infrastructure is not 
new. Several studies stressed the importance of it. In 2008, Auld (2008, p. 1) warned:  
“climate change has the potential to impact the safety of existing structures, increase the 
frequency of weather-related disasters, regionally accelerate premature weathering of structures, 
change climatic design criteria for codes and standards and alter engineering practices. As 
infrastructure built in current times is intended to survive for decades to come, it is critically 
important that adaptation options for the changing climate be developed today and that future 
climate changes be incorporated into infrastructure design whenever possible.” 
 
In 2013, Watt and Marsalek, (2013) concluded that concerns about climate change (or 
variability) and the need to adapt to the associated climatic conditions prompted many agencies, 
and particularly municipalities, to revisit the design storm event issue, particularly in connection 
with drainage design. In the same study they did a critical review of literature of the evolution of 
design storms and stated that design storm events, which have been used in specific fields of 
Canadian and US engineering practice for more than 100 years, can be ascribed to six basic 
attributes: (1) design return period, (2) storm duration, (3) intensity–duration–frequency (idf) 
relations (representing a summary of historical rainfall data, with some extrapolation for longer 
return periods), (4) temporal distribution (design hyetograph), (5) areal reduction factor, and (6) 
antecedent moisture conditions.   
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Implementation of NOAA Atlas 14  
Throughout the US many states have developed their own IDF curves and tables to gather 
rainfall intensity and depth estimates that are based on U.S. Weather Bureu’s Technical Paper No. 
40 (Hershfield, 1961) and NOAA’s Technical Memorandum NWS Hydro-35 (Frederick et al. 
1977). IDF curves are used for a number of water infrastructure applications, such as storm water 
management systems, detention ponds, sewers, culverts, bridges, dams, channels, pumping 
stations, roads, among other applications.  Even though there is evidence of increased heavy 
rainfall events and signs of under-designed drainage facilities, many locations across the United 
States are still referring to those rainfall IDF relationships. The rainfall intensity and rainfall depth 
information presented in NOAA Atlas 14 (Perica et al. 2013) supersedes all other sources, such as 
Technical Paper No. 40, and many states have moved towards using NOAA Atlas 14 precipitation 
data for rainfall intensity and rainfall depth estimates.  
An example assessment for the Chicago area Guo Y. (2006) demonstrated the need of 
updating the rainfall IDF relationships to reflect changing climate conditions. Guo Y. concluded 
that in order to maintain service standards and elude extreme flood damage, updated rainfall IDF 
relationships should be used in the design of new or replacement of old urban drainage systems 
(Guo, Y. 2006).   
Huron River Watershed Council (HRWC) study looked at the implications of precipitation 
changes in Southeast Michigan and found that precipitation frequency estimates currently used for 
storm water management do not accurately reflect the depths falling during precipitation events 
(Table 1). HRWC notes that Atlas 14 provides improved storm definitions that will allow 
appropriate adjustments to storm water management systems and clarify trends in rainfall that are 
expected to continue into the future. 
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Table 1. Ann Arbor precipitation totals from Bulletin 71 and Atlas 14 (Bulletin 71/Atlas 14) in 
inches, for various design storms along with percent change between the two in brackets
 
 
Markus et al. (2007) calculated design precipitation totals for the Northeastern Illinois 
region and compared them with those published in TP-40, Bulletin 70, and NOAA-14. The average 
design precipitation for 12 watersheds in the study, based on the current study, was 24.32% larger 
than that of TP-40, which resulted in 46.92% larger design discharges. Study results are 
summarized in Table 2. 
Table 2. Design precipitation and peak discharge for each watershed in the study (Markus et al., 
2007) 
 
Hahn and Humpal (2014), compared the precipitation frequency and temporal distribution 
information from various commonly-used sources with NOAA Atlas 14 source. Shown in Figure 
2 are the rainfall depth comparisons derived with Technical Paper 40 versus NOAA Atlas 14. 
Commission staff recommends that NOAA Atlas 14 precipitation data should be used in storm 




Figure 2. TP40 versus NOAA Atlas 14 Precipitation Depths for Wisconsin (Hahn and Humpal, 
2014) 
 
In 2014, Kansas Department of Transportation’s (KDOT) did research that documented 
the development of precipitation frequency tables for counties in Kansas based on NOAA Atlas 
14 Volume 8 and provided guidelines for their use (McEnroe and Young. 2014). Resulting 
differences between TP-40 and NOAA Atlas 14 for 10-year and 100- year 24-hour precipitations 
across Kansas can be seen in Figure 3.  
“The impacts of these changes on design discharges for bridges, culverts and other drainage 
structures vary by hydrologic method. Design discharges computed with the Rational formula and 
the Extended Rational equations for Kansas will increase or decrease by the same percentage as 





Figure 3. Changes in 10-year and 100 –year 24-Hour precipitation across Kansas (McEnroe, 
Young, 2014) 
 
Merkel et al. (2014) describes updates to rainfall magnitude and rainfall distribution for 
use in the Natural Resource Conservation Service (NRCS) hydrologic models. Before NOAA 
Atlas 14, NRCS used rainfall data from Technical Paper No. 40 and NOAA Atlas 2 (in western 
states) for evaluation and design of water related projects. NRCS is replacing the use of its legacy 
rainfall distributions (Type I, Type IA, Type II, and Type III) with rainfall distributions based on 
NOAA Atlas 14 precipitation-frequency data, shown in Figure 4.  
“By developing new rainfall distributions using NOAA Atlas 14 data, the rainfall 
distributions will reflect the rainfall depth versus duration data at the project location more 
accurately. This will lead to more accurate estimates of peak discharges and hydrographs for 





Figure 4. Regional Rainfall Distributions for the Ohio Valley and neighboring states (left) and 
24-hour rainfall distribution plot (right) (Merkel et al. 2014, p. 6) 
 
 
Data Comparisons  
 Dr. Babak Naghavi, in his 1991 publication “LADOTD 24-Hour Rainfall Frequency Maps 
and I-D-F Curves”, provided IDF curves that were generated using distribution function LP3 (Log 
Pearson Distribution type 3) in conjunction with the method of moments. NOAA Atlas 14 uses 
GEV (Generalized Extreme Value) across all stations and for all durations as the preferred 
distribution function. Since the distribution functions of data are not the same the question of 
validity of comparing the resulting intensities comes in. But upon further research it was concluded 
that both methods were made up of the same parameters.  
 “The GEV distribution is a family of continuous probability distributions that combines 
the Gumbel (EV1), Frechet and Weibull distributions. Similarly to LP3, the GEV makes use of 3 
parameters: location, scale and shape. The location parameter describes the shift of a distribution 
in a given direction on the horizontal axis. The scale parameter describes the width of the 
distribution and defines where the bulk of the distribution lies. As the scale parameter increases, 
the distribution will become more spread out. The 3rd parameter in the GEV family is the shape 
parameter, which strictly affects the shape of the distribution, and governs the tail of each 




 Furthermore, many studies prefer use of GEV distribution over LP3. Millington et al. 
(2011, p. 10, 11) writes: 
 “Since 1967, the U.S. Water Resource Council has recommended and required the use of 
LPEAR3 distributions for all U.S. analysis. This has recently been called into question by 
several papers in the U.S. that have done similar studies as carried out in this report, which have 
found that the GEV distribution is an acceptable distribution, and often preferred over LPEAR3” 
(Vogel, 1993). “A problem arises with LP3 as it has a tendency to give low upper bounds of the 















Objective of Research  
The overall goal of this research is to study how the updated rainfall intensity and rainfall depth 
estimates, using NOAA Atlas 14, impact the design process of water related infrastructures in 
Louisiana. Three main objectives are concentrated on in the study: 
 The first objective of this research is to quantify the differences in the annual 24-hour 
rainfall intensity and rainfall depth values for the return periods of 2, 5, 10, 25, 50, and 100 
years between that specified in the LADOTD Hydraulics Manual and NOAA Atlas 14.  
 The second objective is to examine the variability and differences in the acquired results 
using a local (city) scale versus a regional scale.  
 Lastly, the third objective is to use the NOAA Atlas 14 rainfall intensity estimates and 
examine what impacts they have on the various project designs of the water related 












Study Area  
For the purpose of hydrologic and hydraulic design (e.g, NRCS, Rational Method) when 
gathering rainfall intensity and rainfall depth estimates the LADOTD Hydraulic Manual has 
Louisiana divided into three regions (Figure 5). The map in the manual was developed by the 
Louisiana Transportation Research Center (LTRC). For this study, six cities in three different 
LADOTD designated regions were chosen. The cities were picked based on their population size 
and impact on Louisiana’s economy. Baton Rouge, New Orleans, Lafayette, and Lake Charles, all 
from Region 1, Natchitoches, Region 2, and Shreveport, Region 3, were selected. Locations of the 
cities are shown in Figure 5 below.  
 






Data Comparison and Kolmogorov-Smirnov Test 
 
 To make sure that NOAA Atlas 14 estimates are better representations of rainfall depths 
than LADOTD suggested rainfall depths, a Kolmogorov-Smirnov (K-S) test was performed. K-S 
test is an efficient way of determining if two sample data are significantly different from each 
other. Long-term records of daily rainfall for each city were gathered from Southern Regional 
Climate Center’s (SRCC) information data portal called “ClimDat” (Southern Regional Climate 
Center, 2018). The most extreme one-day rainfall totals for each year were extracted and ranked 
from largest rainfall depth to smallest. Each city had a different set of data with different number 
of years collected. Therefore, to calculate first set of data for the test, named expected exceedance, 
the number of years collected was divided by the number of years for each return period (2, 5, 10, 
25, 50, and 100). To get the second set of data for the K-S test, estimates prescribed from NOAA 
Atlas 14 and LADOTD for each return period were taken and recorded as to how many times 
(years) the daily rainfall depth exceeded the proposed estimate. This approach produced three data 
sets: Expected, NOAA Atlas 14, and LADOTD. K-S test was performed for each city and each 
return period to examine which data set (NOAA or LADOTD) indicate better agreement with 
Expected Exceedance. Smaller K-S statistics indicate better agreement between the two data sets. 
Table 3 shows the results from K-S test and verifies that NOAA Atlas 14 is a better representation 








Table 3. Kolmogorov-Smirnov Test Results 
K-S Test Statistic  
 NOAA Atlas 14 LADOTD  
Baton Rouge  0.1 0.04 
New Orleans  0.04 0.04 
Lafayette  0.03 0.07 
Lake Charles  0.05 0.17 
Natchitoches  0.1 0.11 
Shreveport  0.03 0.04 
 
Louisiana Department of Transportation and Development (LADOTD) Hydraulics Manual (2011) 
Codes and Guidelines for Design of a Hydraulic Project 
 
When designing a particular hydraulic project, the first step is to select the required design 
storm frequency. Table 4, from LADOTD Hydraulic Manual lists the frequencies for different 
drainage considerations. 
Table 4. Design Storm Frequencies (LADOTD Hydraulics Manual, 2011) 
 
To determine whether an assigned project has a 25 or 50-year frequency, Projected Annual 
Average Daily Traffic (PAADT) is considered. If PAADT is less than or equal to 3000, then the 
25-year frequency is required. If PAADT is more than 3000, then the 50-year frequency is 
required. The following conditions are also considered when designing for a 50-year frequency: 
a. The site is on a primary route for emergency vehicles or community evacuation.  
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b. The structure is considered a major drainage structure in a designated wetland area.  
c. It is urban arterial roads and streets. 
d. The roads and streets have four or more lanes.  
e. Ramps and approach roadways are within control of access boundaries of freeway.  
LADOTD Hydraulics Manual contains the procedures and information such as rainfall charts, 
maps, and tables that are needed to determine the peak discharge or runoff a drainage structure 
must handle. When gauge data are insufficient or unavailable, LADOTD uses three methods to 
estimate peak runoff rates essential to the hydraulic design of channels and structures (Table 5). 
The methods vary according to the size of the area contributing runoff and to the structure 
application (LADOTD Hydraulics Manual, 2011).  
Table 5. Peak Discharge Determination for Ungagged Sites (LADOTD Hydraulics Manual, 
2011) 
 
When determining the rainfall intensity and rainfall depth values for use in the Rational 
Method and NRCS Method, LADOTD Hydraulic Manual has Louisiana divided in three regions 
as shown previously in Figure 5. LADOTD Hydraulics Manual contains graphs of rainfall intensity 
vs. duration for various frequencies that have been prepared for storms with return periods of 2, 
10, 25, 50, and 100 years. Graphs and corresponding equations, in Figure 6 below, were prepared 
from data presented in publication LADOTD 24-Hour Rainfall Frequency Maps and I-D-F Curves. 




Figure 6. Rainfall Intensity Curves for Rational Method (LADOTD Hydraulics Manual, 2011) 
 
The Rational equation is the simplest method to determine peak discharge from drainage 
basin runoff. When calculating the peak discharge (Q) using Rational Method, in Equation 1, the 
intensity, i, is determined using the graphs in Figure 6.  
    Q=C*i*A                Equation 1   
Where: 
Q = Peak discharge, (cfs) 
C = Rational method runoff coefficient 
i = Rainfall intensity (in/hr) 
A = Drainage area (ac) 
To compare NOAA Atlas 14 rainfall intensities with all of the rainfall intensities suggested 
in LADOTD Hydraulic Manual, the initial step was to calculate all of the rainfall intensities from 
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LADOTD Hydraulic Manual for all three regions. This was done using rainfall intesity curves 
presented in Figure 6. The resulting intensities are shown in Table 6, Table 7, and Table 8 below. 
Table 6. Rainfall Intensities for Region 1 
Duration (hr) 
Intensity (in/hr) 
2 3 6 12 24 
2yr 1.34 0.97 0.54 0.30 0.16 
5yr 1.72 1.27 0.74 0.42 0.23 
10yr 1.98 1.48 0.87 0.50 0.29 
25yr 2.33 1.76 1.06 0.62 0.36 
50yr 2.61 1.98 1.20 0.71 0.42 
100yr 2.88 2.20 1.35 0.82 0.49 
 
Table 7. Rainfall Intensities for Region 2 
Duration (hr) 
Intensity (in/hr) 
2 3 6 12 24 
2yr 1.14 0.81 0.44 0.24 0.13 
5yr 1.48 1.07 0.61 0.34 0.19 
10yr 1.73 1.27 0.74 0.42 0.24 
25yr 2.09 1.56 0.93 0.54 0.31 
50yr 2.39 1.80 1.08 0.64 0.37 






Table 8. Rainfall Intensities for Region 3 
 Intensity (in/hr) 
Duration (hr) 2 3 6 12 24 
2yr 1.06 0.76 0.42 0.23 0.13 
5yr 1.37 1.00 0.57 0.32 0.18 
10yr 1.59 1.17 0.68 0.39 0.22 
25yr 1.87 1.39 0.82 0.47 0.27 
50yr 2.08 1.55 0.92 0.54 0.31 
100yr 2.30 1.72 1.03 0.61 0.36 
 
LADOTD Manual states that if the drainage area of a project is between 200-2000 acres, 
then the recommended method for finding the peak dischage is the NRCS (Natural Resources 
Conservation Service) Method, formally known as SCS Methood. Part of the NRCS method is 
finding the amount of rainfall (inches) associated with the design frequency storm within the 
desired region. The region is determined using the map in  Figure 5. In the LADOTD Manual, the 









Table 9. Louisiana Rainfall Depths (inches) for NRCS Method (LADOTD Hydraulics Manual, 
2011) 
 
To compare NOAA Atlas 14 rainfall amounts (depths) with all of the rainfall amounts 
suggested in LADOTD Hydraulic Manual, initial step was to derive all of the rainfall depths from 
NOAA Atlas 14 and compare them to the amounts in Table 9. 
Rainfall Intensities and Rainfall Depths Derivations and Comparisons between NOAA Atlas 14 
and LADOTD  
 
The next step was to gather all of the rainfall intensities and rainfall depths using NOAA 
Atlas 14 and compare those resulting values to the values of LADOTD Hydraulic Manual that 
were calculated in Table 6, Table 7, Table 8, and Table 9. Since NOAA Atlas 14 allows one to get 
the rainfall intensities and depths by city, six largest cities in the state of Louisiana were chosen 
for examination. The cities of Baton Rouge, New Orleans, Lafayette, and Lake Charles were 
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selected and all fall in Region 1 in LADOTD’s designated region. Natchitoches falls in Region 2. 
Finally, the city of Shreveport was selected, which falls in Region 3 in LADOTD’s designated 
region. All regions and cities chosen are illustrated in Figure 5. This approach, at the local scale, 
provided a method to determine if there are any spatial variations in rainfall intensities, if Rational 
Method is used, and rainfall depths, if NRCS Method is used, when comparing the local vs. 
regional scale.  
Comparisons of rainfall intensities between NOAA Atlas 14 and LADOTD 
 
Table 10 contains the NOAA Atlas 14 (mean) and LADOTD Hydraulic Manual rainfall 
intensities (LADOTD/Atlas 14) for the return periods of 2, 5, 10, 25, 50, and 100 years along with 
percent change between the two in brackets.  
Table 10. Comparisons of derived hourly rainfall intensities for each of the return periods (a-f) 
using LADOTD vs NOAA Atlas 14 mean values (LADOTD/Atlas 14) along with percent 
change between the two in brackets 














1.341/1.380 1.341/1.430 1.341/1.480 1.341/1.430 1.138/1.230 1.062/1.150 
[2.93%] [6.66%] [10.38%] [6.66%] [8.08%] [8.24%] 
3 Hrs 
0.967/1.030 0.967/1.080 0.967/1.100 0.967/1.080 0.808/0.928 0.760/0.861 
[6.50%] [11.67%] [13.47%] [11.67%] [14.88%] [13.27%] 
6 Hrs 
0.539/0.618 0.539/0.650 0.539/0.647 0.539/0.658 0.440/0.563 0.421/0.518 
[14.55%] [20.48%] [19.93%] [21.97%] [27.87%] [22.98%] 
12 Hrs 
0.295/0.358 0.295/0.382 0.295/0.373 0.295/0.390 0.236/0.331 0.230/0.304 
[21.24%] [29.37%] [26.32%] [32.08%] [4.011%] [32%] 
24 Hrs 
0.160/0.206 0.160/0.224 0.160/0.216 0.160/0.229 0.126/0.194 0.125/0.178 













       
5 
YEARS 










1.721/1.660 1.721/1.770 1.721/1.780 1.721/1.750 1.475/1.540 1.375/1.430 
[-3.57%] [2.82%] [3.40%] [1.66%] [4.40%] [4.03%] 
3 Hrs 
1.270/1.240 1.270/1.340 1.270/1.330 1.270/1.330 1.073/1.160 1.003/1.070 
[-2.39%] [5.49%] [4.70%] [4.70%] [8.07%] [6.66%] 
6 Hrs 
0.735/0.752 0.735/0.814 0.735/0.795 0.735/0.824 0.610/0.705 0.547/0.643 
[2.26%] [10.69%] [8.11%] [12.05%] [15.63%] [11.95%] 
12 Hrs 
0.417/0.441 0.417/0.481 0.417/0.465 0.417/0.498 0.341/0.414 0.324/0.376 
[5.76%] [15.36%] [11.52%] [19.43%] [21.52%] [15.99%] 
24 Hrs 
0.234/0.259 0.234/0.283 0.234/0.272 0.234/0.293 0.189/0.244 0.182/0.221 
[10.76%] [21.03%] [16.32%] [25.30%] [29.28%] [21.69%] 
       
       
c) 
       
10 
YEARS 










1.985/1.890 1.985/2.100 1.985/2.030 1.985/2.030 1.728/1.810 1.591/1.670 
[-4.78%] [5.80%] [2.27%] [2.27%] [4.73%] [5%] 
3 Hrs 
1.481/1.430 1.481/1.600 1.481/1.530 1.481/1.550 1.273/1.380 1.171/1.250 
[-3.42%] [8.07%] [3.34%] [4.69%] [8.37%] [6.72%] 
6 Hrs 
0.873/0.870 0.873/0.979 0.873/0.926 0.873/0.980 0.738/0.842 0.681/0.757 
[-0.31%] [12.18%] [6.11%] [12.29%] [14.07%] [11.17%] 
12 Hrs 
0.504/0.518 0.504/0.578 0.504/0.549 0.504/0.599 0.420/0.495 0.390/0.443 
[2.84%] [14.75%] [9%] [18.92%] [17.74%] [13.57%] 
24 Hrs 
0.287/0.307 0.287/0.339 0.287/0.326 0.287/0.355 0.237/0.291 0.222/0.261 
[6.79%] [17.93%] [13.40%] [23.49%] [22.64%] [17.69%] 
 
d) 
      
       
25 
YEARS 










2.335/2.230 2.335/2.610 2.335/2.380 2.335/2.430 2.090/2.220 1.872/2.00 
[-4.49%] [11.78%] [1.93%] [4.07%] [6.23%] [6.84%] 
3 Hrs 
1.759/1.690 1.759/2.020 1.759/1.810 1.759/1.890 1.561/1.710 1.388/1.520 
[-3.91%] [14.85%] [2.91%] [7.46%] [9.57%] [9.48%] 
6 Hrs 
1.055/1.040 1.055/1.250 1.055/1.120 1.055/1.220 0.925/1.060 0.817/0.926 
[-1.46%] [18.44%] [6.13%] [15.60%] [14.57%] [13.36%] 
12 Hrs 
0.621/0.632 0.621/0.732 0.621/0.679 0.621/0.757 0.539/0.622 0.474/0.545 
[1.85%] [17.9%] [9.42%] [21.99%] [15.45%] [15.08%] 
24 Hrs 
0.361/0.442 0.361/0.424 0.361/0.409 0.361/0.451 0.311/0.364 0.272/0.322 
[5.28%] [17.47%] [13.32%] [24.95%] [17.14%] [18.19%] 
 
 




       
50 
YEARS 










2.610/2.500 2.610/3.050 2.610/2.640 2.610/2.770 2.386/2.570 2.083/2.280 
[-4.21%] [16.86%] [1.15%] [6.13%] [7.70%] [9.44%] 
3 Hrs 
1.977/1.900 1.977/2.390 1.977/2.030 1.977/2.180 1.797/2.000 1.552/1.740 
[-3.92%] [20.86%] [2.66%] [10.24%] [11.31%] [12.12%] 
6 Hrs 
1.199/1.80 1.199/1.490 1.199/1.280 1.199/1.420 1.080/1.250 0.921/1.070 
[-1.56%] [24.31%] [6.79%] [18.47%] [15.78%] [16.20%] 
12 Hrs 
0.712/0.728 0.712/0.986 0.712/0.789 0.712/0.892 0.637/0.734 0.539/0.633 
[2.24%] [21.90%] [10.81%] [25.27%] [15.29%] [17.46%] 
24 Hrs 
0.418/0.442 0.418/0.497 0.418/0.481 0.418/0.534 0.372/0.428 0.313/0.375 
[5.62%] [18.76%] [14.94%] [27.61%] [15.13%] [19.77%] 
       
f) 
       
100 
YEARS 










2.884/2.770 2.884/3.540 2.884/2.910 2.884/3.120 2.702/2.930 2.298/2.560 
[-3.94%] [22.76%] [0.91%] [8.20%] [8.45%] [11.38%] 
3 Hrs 
2.200/2.110 2.200/2.810 2.200/2.250 2.200/2.480 2.052/2.300 1.720/1.960 
[-4.09%] [27.73%] [2.28%] [12.73%] [12.06%] [13.93%] 
6 Hrs 
1.352/1.330 1.352/1.770 1.352/1.450 1.352/1.650 1.252/1.450 1.030/1.220 
[-1.60%] [30.95%] [7.28%] [22.07%] [15.86%] [18.48%] 
12 Hrs 
0.815/0.830 0.815/1.020 0.815/0.909 0.815/1.040 0.749/0.858 0.608/0.728 
[1.83%] [25.14%] [11.53%] [27.60%] [14.60%] [19.70%] 
24 Hrs 
0.487/0.508 0.487/0.576 0.487/0.560 0.487/0.624 0.443/0.498 0.357/0.433 
[4.39%] [18.37%] [15.08%] [28.23%] [12.31%] [21.38%] 
 
To better visualize and understand the differences from Table 10, Figure 7, Figure 8, Figure 
9 were developed to show the rainfall intensities, from DOTD and NOAA Atlas 14 for  each one 



















IDF CURVES FOR 2 YEARS RETURN PERIOD 
(Region 1)

















IDF CURVES FOR 5 YEARS RETURN PERIOD 
(Region 1)


















IDF CURVES FOR 10 YEARS RETURN PERIOD 
(Region 1)





Figure 7. Comparisons of rainfall intensities (in/hr) for each return period for Region 1 between 
LADOTD Manual intensities and cities that fall within the region with intensities derived using 




















IDF CURVES FOR 25 YEARS RETURN PERIOD 
(Region 1)

















IDF CURVES FOR 50 YEARS RETURN PERIOD 
(Region 1)

















IDF CURVES FOR 100 YEARS RETURN PERIOD 
(Region 1)






























































Figure 8. Comparisons of rainfall intensities (in/hr) for each return period for Region 2 between 
LADOTD Manual intensities and city that fall within the region with intensities derived using 




































































































































Figure 9. Comparisons of rainfall intensities (in/hr) for each return period for Region 3 between 
LADOTD Manual intensities and city that fall within the region with intensities derived using 
































































Comparisons of rainfall depths between NOAA Atlas 14 and LADOTD 
 
If NRCS Method is the method of choice, Table 11, Figure 10, Figure 11, and Figure 12 
all illustrate the comparisons of NOAA Atlas 14 (mean) rainfall depths to rainfall depths derived 
using LADOTD Hydraulic Manual for the return periods of 2, 5, 10, 25, 50, and 100 years. 
Table 11. Comparisons of derived rainfall depths (in), LADOTD and NOAA Atlas 14 mean 

















3.5/3.7 3.5/3.89 3.5/3.88 3.5/3.94 3/3.37 2.8/3.1 
[5.71%] [11.14%] [10.86%] [12.57%] [12.33%] [10.71%] 
12 
4.1/4.31 4.1/4.6 4.1/4.5 4.1/4.7 3.6/3.99 3.2/3.66 
[5.12%] [12.20%] [9.76%] [14.63%] [10.83%] [14.38%] 
24 
4.8/4.95 4.8/5.37 4.8/5.17 4.8/5.49 4/4.67 3.6/4.27 
[3.13%] [11.88%] [7.71%] [14.38%] [16.75%] [18.61%] 
5 
6 
4.6/4.51 4.6/4.87 4.6/4.76 4.6/4.94 4/4.22 3.7/3.85 
[-1.96%] [5.87%] [3.48%] [7.39%] [5.50%] [4.05%] 
12 
5.6/5.32 5.6/5.8 5.6/5.6 5.6/6 4.8/4.99 4.3/4.53 
[-5%] [3.57%] [0%] [7.14%] [3.96%] [5.35%] 
24 
6.5/6.22 6.5/6.8 6.5/6.53 6.5/7.04 5.4/5.85 4.9/5.29 
[-4.31%] [4.62%] [0.46%] [8.31%] [8.33%] [7.96%] 
10 
6 
5.5/5.22 5.5/5.86 5.5/5.55 5.5/5.87 4.8/5.04 4.4/4.53 
[-5.09%] [6.55%] [0.91%] [6.73%] [5%] [2.95%] 
12 
6.7/6.24 6.7/6.96 6.7/6.62 6.7/7.22 5.7/5.96 5.1/5.33 
[-6.87%] [3.88%] [-1.19%] [7.76%] [4.56%] [4.51%] 
24 
7.8/7.38 7.8/8.13 7.8/7.82 7.8/8.51 6.5/6.97 5.8/6.25 
[-5.38%] [4.23%] [0.26%] [9.10%] [7.23%] [7.76%] 
25 
6 
6.6/6.26 6.6/7.49 6.6/6.7 6.6/7.3 5.9/6.34 5.3/5.54 
[-5.15%] [13.48%] [1.52%] [10.61%] [7.46%] [4.53%] 
12 
8.2/7.63 8.2/8.82 8.2/8.18 8.2/9.12 7./7.5 6.2/6.57 
[-6.95%] [7.56%] [-0.24%] [11.22%] [7.14%] [5.97%] 
24 
9.6/9.13 9.6/10.2 9.6/9.82 9.6/10.8 8/8.74 7/7.74 
[-4.90%] [6.25%] [2.29%] [12.50%] [9.25%] [10.57%] 
50 
6 
7.6/7.12 7.6/8.95 7.6/7.66 7.6/8.52 6.9/7.46 6/6.39 
[-6.32%] [17.76%] [0.79%] [12.11%] [8.12%] [6.50%] 
12 
9.5/8.78 9.5/10.5 9.5/9.51 9.5/10.8 8.1/8.85 7/7.63 
[-7.58%] [10.53%] [0.11%] [13.68%] [9.26%] [9%] 
24 
11.1/10.6 11.1/11.9 11.1/11.5 11.1/12.8 9.2/10.3 8/9.01 
[-4.50%] [7.21%] [3.60%] [15.32%] [11.96%] [12.63%] 
100 
6 
8.6/8.02 8.6/10.6 8.6/8.66 8.6/9.86 7.9/8.7 6.8/7.29 
[-6.74%] [23.26%] [0.70%] [14.65%] [10.13%] [7.21%] 
12 
10.9/10 10.9/12.3 10.9/10.9 10.9/12.5 9.3/10.3 7.9/8.78 
[-8.26%] [12.84%] [0%] [14.68%] [10.75%] [11.14%] 
24 
12.6/12.2 12.6/13.8 12.6/13.4 12.6/15 10.5/12 9/10.4 
[-3.17%] [9.52%] [6.35%] [19.05%] [14.29%] [15.56%] 
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As previously done with the rainfall intensity values, the values from Table 11 are plotted in Figure 















2 Year Rainfall Depths (Region 1)




















5 Year Rainfall Depths (Region 1)


















10 Year Rainfall Depths (Region 1)





Figure 10. Comparisons of rainfall depths (in) for each return period for Region 1 between 
LADOTD Manual intensities and city that fall within the region with rainfall depths derived 



















25 Year Rainfall Depths (Region 1)
















50 Year Rainfall Depths (Region 1)

















100 Year Rainfall Depths (Region 1)






























































Figure 11. Comparisons of rainfall depths (in) for each return period for Region 2 between 
LADOTD Manual intensities and city that fall within the region with rainfall depths derived 


















































































































Figure 12. Comparisons of rainfall depths (in) for each return period for Region 3 between 
LADOTD Manual intensities and city that fall within the region with rainfall depths derived 

























































Comparisons of rainfall intensities and rainfall depths using NOAA Atlas 14 Upper Bound Limits 
from the 90 percent Confidence Interval  
 
 The previous two sections analyzed the resulting rainfall intensities and rainfall depths 
suggested in LADOTD Manual and compared them to NOAA Atlas 14 derived “mean” rainfall 
intensities and rainfall depths. NOAA Atlas 14 provides rainfall intensities and rainfall depths with 
90 percent confidence intervals. A confidence interval provides a range of values that is likely to 
contain the population parameter of interest. In this study the population parameters of interest are 
the rainfall intensity and rainfall depths. The probability that the true parameter value lies within 
the confidence interval is Confidence Level and is generally chosen to be at 90, 95, or 99 percent. 
This section analyzes and compares only the upper level estimates from the 90 percent interval 
from NOAA Atlas 14 to those same estimates previously derived from LADOTD Manual. Exactly 
the same procedures were done as in the previous two sections. The only change made is the mean 
values, from the 90 percent interval, were replaced with the upper bound limit values.  
Comparisons of rainfall intensities between NOAA Atlas 14 upper bound limits and LADOTD 
 
 Tables (a-f) in Table 12 and graphs in Figure 13, Figure 14, and Figure 15 all illustrate the 
comparisons of NOAA Atlas 14 upper bound rainfall intensities to rainfall intensities in LADOTD 
Hydraulic Manual for the return periods of 2, 5, 10, 25, 50, and 100 years. In the graphs each one 
of the return periods (2, 5, 10, 25, 50, and 100 year) presented in the I-D-F curves in LADOTD 
Manual, Figure 6, is compared to each city’s derived I-D-F curve using NOAA Atlas 14 upper 
bound estimates.  
 To further evaluate the differences within the rainfall intensities, percentage diffrences 
were calculated to see how much each cities’ rainfall intensity, derrived using NOAA Atlas 14 
upper bound estimates, change from the LADOTD suggested rainfall intensity. Differences are 
shown in brackets (Table 12) .  
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Table 12. Comparisons of derived hourly rainfall intensities for each of the return periods (a-f) 
using LADOTD vs NOAA Atlas 14 upper bound values, (LADOTD/Atlas 14), along with 
percent change between the two in brackets 
 
     a) 
2 
YEARS 









1.341/1.600 1.341/1.760 1.341/1.740 1.341/1.800 1.138/1.470 1.062/1.340 
[19.33%] [31.27%] [29.78%] [34.25%] [29.17%] [26.12%] 
3 Hrs 
0.967/1.190 0.967/1.320 0.967/1.280 0.967/1.350 0.808/1.100 0.760/1.000 
[23.05%] [36.49%] [32.35%] [39.59%] [36.17%] [31.56%] 
6 Hrs 
0.539/0.710 0.539/0.789 0.539/0.751 0.539/0.819 0.440/0.662 0.421/0.598 
[31.60%] [46.25%] [39.20%] [51.81%] [50.36%] [41.98%] 
12 Hrs 
0.295/0.408 0.295/0.461 0.295/0.430 0.295/0.482 0.236/0.387 0.230/0.348 
[38.18%] [56.13%] [45.63%] [63.24%] [63.82%] [51.10%] 
24 Hrs 
0.160/0.234 0.160/0.268 0.160/0.247 0.160/0.281 0.126/0.226 0.125/0.203 
[46.25%] [67.50%] [54.38%] [75.63%] [79.75%] [62.31%] 
       
b)       
5 
YEARS 









1.721/1.930 1.721/2.180 1.721/2.090 1.721/2.200 1.475/1.840 1.375/1.670 
[12.12%] [26.64%] [21.41%] [27.80%] [24.74%] [24.49%] 
3 Hrs 
1.270/1.440 1.270/1.640 1.270/1.560 1.270/1.670 1.073/1.380 1.003/1.250 
[13.36%] [29.10%] [22.80%] [31.46%] [28.57%] [24.61%] 
6 Hrs 
0.735/0.865 0.735/0.991 0.735/0.924 0.735/1.030 0.610/0.833 0.547/0.745 
[17.62%] [34.76%] [25.65%] [40.06%] [36.62%] [29.71%] 
12 Hrs 
0.417/0.505 0.417/0.582 0.417/0.536 0.417/0.616 0.341/0.486 0.324/0.432 
[21.11%] [39.58%] [28.55%] [47.73%] [42.65%] [33.26%] 
24 Hrs 
0.234/0.294 0.234/0.340 0.234/0.312 0.234/0.361 0.189/0.284 0.182/0.252 
[25.73%] [45.40%] [33.43%] [54.38%] [50.48%] [38.76%] 
       
c)       
10 
YEARS 









1.985/2.210 1.985/2.590 1.985/2.390 1.985/2.560 1.728/2.180 1.591/1.960 
[11.34%] [30.48%] [20.41%] [28.97%] [26.14%] [23.23%] 
3 Hrs 
1.481/1.660 1.481/1.970 1.481/1.790 1.481/1.960 1.273/1.650 1.171/1.470 
[12.12%] [33.06%] [20.90%] [32.38%] [29.58%] [25.50%] 
6 Hrs 
0.873/1.000 0.873/1.200 0.873/1.080 0.873/1.230 0.738/1.000 0.681/0.880 
[14.59%] [37.50%] [23.75%] [40.94%] [35.48%] [29.24%] 
12 Hrs 
0.504/0.594 0.504/0.702 0.504/0.636 0.504/0.744 0.420/0.583 0.390/0.511 
[17.93%] [39.37%] [26.27%] [47.71%] [38.67%] [31%] 
24 Hrs 
0.287/0.350 0.287/0.408 0.287/0.375 0.287/0.438 0.237/0.340 0.222/0.299 
[21.75%] [41.93%] [30.45%] [52.36%] [43.29%] [34.82%] 
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d)       
25 
YEARS 









2.335/2.680 2.335/3.390 2.335/2.870 2.335/3.190 2.090/2.810 1.872/2.450 
[14.78%] [45.19%] [22.92%] [36.62%] [34.46%] [30.88%] 
3 Hrs 
1.759/2.020 1.759/2.630 1.759/2.180 1.759/2.480 1.561/2.160 1.388/1.850 
[14.85%] [49.53%] [23.95%] [41%] [38.41%] [33.24%] 
6 Hrs 
1.055/1.250 1.055/1.620 1.055/1.350 1.055/1.600 0.925/1.340 0.817/1.130 
[18.44%] [53.50%] [27.92%] [51.61%] [44.83%] [38.34%] 
12 Hrs 
0.621/0.754 0.621/0.939 0.621/0.820 0.621/0.988 0.539/0.782 0.474/0.663 
[24.51%] [51.32%] [32.15%] [59.22%] [45.15%] [40%] 
24 Hrs 
0.361/0.452 0.361/0.536 0.361/0.493 0.361/0.585 0.311/0.454 0.272/0.390 
[25.23%] [48.50%] [36.59%] [62.08%] [46.10%] [43.15%] 
 
e)       
50 
YEARS 









2.610/3.030 2.610/3.990 2.610/3.220 2.610/3.660 2.386/3.280 2.083/2.810 
[16.10%] [52.88%] [23.38%] [40.24%] [37.46%] [34.88%] 
3 Hrs 
1.977/2.300 1.977/3.130 1.977/2.470 1.977/2.880 1.797/2.560 1.552/2.140 
[16.31%] [58.29%] [24.91%] [45.64%] [42.47%] [37.90%] 
6 Hrs 
1.199/1.430 1.199/1.950 1.199/1.560 1.199/1.880 1.080/1.590 0.921/1.310 
[19.30%] [62.68%] [30.15%] [56.84%] [47.28%] [42.26%] 
12 Hrs 
0.712/0.875 0.712/1.120 0.712/0.960 0.712/1.170 0.637/0.933 0.539/0.778 
[22.88%] [57.29%] [34.82%] [64.31%] [46.55%] [44.37%] 
24 Hrs 
0.418/0.529 0.418/0.632 0.418/0.583 0.418/0.697 0.372/0.539 0.313/0.459 
[26.41%] [51.02%] [39.31%] [66.56%] [44.99%] [46.59%] 
 
f)       
100 
YEARS 









2.884/3.430 2.884/4.730 2.884/3.620 2.884/4.210 2.702/3.860 2.298/3.240 
[18.95%] [64.03%] [25.53%] [45.99%] [42.87%] [40.96%] 
3 Hrs 
2.200/2.610 2.200/3.750 2.200/2.800 2.200/3.350 2.052/3.030 1.720/2.480 
[18.64%] [70.46%] [27.28%] [52.28%] [47.63%] [44.16%] 
6 Hrs 
1.352/1.640 1.352/2.350 1.352/1.790 1.352/2.220 1.252/1.910 1.030/1.540 
[21.33%] [73.86%] [32.43%] [64.24%] [52.61%] [49.55%] 
12 Hrs 
0.815/1.020 0.815/1.340 0.815/1.120 0.815/1.390 0.749/1.120 0.608/0.917 
[25.14%] [64.41%] [37.41%] [70.54%] [49.59%] [50.77%] 
24 Hrs 
0.487/0.620 0.487/0.748 0.487/0.691 0.487/0.832 0.443/0.645 0.357/0.542 





















IDF CURVES FOR 2 YEARS RETURN PERIOD (Region 1)


















IDF CURVES FOR 5 YEARS RETURN PERIOD (Region 1)
















IDF CURVES FOR 10 YEARS RETURN PERIOD (Region 1)




Figure 13. Comparisons of rainfall intensities (in/hr) for each return period for Region 1 
between LADOTD Manual intensities and cities that fall within the region with intensities 


















IDF CURVES FOR 25 YEARS RETURN PERIOD (Region 1)


















IDF CURVES FOR 50 YEARS RETURN PERIOD (Region 1)


















IDF CURVES FOR 100 YEARS RETURN PERIOD (Region 1)

































































Figure 14. Comparisons of rainfall intensities (in/hr) for each return period for Region 2 
between LADOTD Manual intensities and city that fall within the region with intensities derived 




































































































































Figure 15. Comparisons of rainfall intensities (in/hr) for each return period for Region 3 
between LADOTD Manual intensities and city that fall within the region with intensities derived 






























































Comparisons of rainfall depths between NOAA Atlas 14 upper bound limits and LADOTD 
 
Table 13 and Figure 16, Figure 17, and Figure 18 all illustrate the comparisons of NOAA Atlas 14 
upper bound rainfall depths to rainfall depths derived using LADOTD Hydraulic Manual for the 
return periods of 2, 5, 10, 25, 50, and 100 years.  Each rainfall depth, associated to its return period, 
presented in LADOTD Manual is compared to each city’s derived rainfall depth using NOAA 
Atlas 14 upper bound estimates. As previously done,  to further evaluate the differences within the 
rainfall depths, percentage differences were calculated to determine how much each cities’ rainfall 
depth, derrived using NOAA Atlas 14, changed from the LADOTD suggested rainfall depth. The 














Table 13. Comparisons of derived rainfall depths (in), LADOTD and NOAA Atlas 14 upper 

















3.5/4.25 3.5/4.73 3.5/4.5 3.5/4.9 3/3.97 2.8/3.58 
[21.43%] [35.14%] [28.57%] [40%] [32.33%] [27.86%] 
12 
4.1/4.92 4.1/5.55 4.1/5.18 4.1/5.81 3.6/4.67 3.2/4.2 
[20%] [35.37%] [26.34%] [41.71%] [29.72%] [31.25%] 
24 
4.8/5.61 4.8/6.44 4.8/5.92 4.8/6.74 4/5.42 3.6/4.86 
[16.88%] [34.17%] [23.33%] [40.42%] [35.50%] [35%] 
5 
6 
4.6/5.18 4.6/5.94 4.6/5.53 4.6/6.15 4/4.99 3.7/4.46 
[12.61%] [29.13%] [20.22%] [33.710%] [24.75%] [20.54%] 
12 
5.6/6.08 5.6/7.02 5.6/6.46 5.6/7.42 4.8/5.85 4.3/5.21 
[8.57%] [25.36%] [15.36%] [32.50%] [21.88%] [21.16%] 
24 
6.5/7.06 6.5/8.17 6.5/7.49 6.5/8.66 5.4/6.81 4.9/6.05 
[8.62%] [25.69%] [15.23%] [33.23%] [26.11%] [23.47%] 
10 
6 
5.5/6.02 5.5/7.17 5.5/6.47 5.5/7.34 4.8/5.99 4.4/5.27 
[9.45%] [30.36%] [17.64%] [33.45%] [24.79%] [19.77%] 
12 
6.7/7.15 6.7/8.46 6.7/7.67 6.7/8.97 5.7/7.03 5.1/6.16 
[6.72%] [26.27%] [14.48%] [33.88%] [23.33%] [20.78%] 
24 
7.8/8.4 7.8/9.8 7.8/8.99 7.8/10.5 6.5/8.17 5.8/7.18 
[7.69%] [25.64%] [15.26%] [34.62%] [25.69%] [23.79%] 
25 
6 
6.6/7.46 6.6/9.72 6.6/8.09 6.6/9.56 5.9/8.01 5.3/6.75 
[13.03%] [47.27%] [22.58%] [44.85%] [35.76%] [27.36%] 
12 
8.2/9.08 8.2/11.3 8.2/9.89 8.2/11.9 7./9.43 6.2/7.99 
[10.73%] [37.80%] [20.61%] [45.12%] [34.71%] [28.87%] 
24 
9.6/10.8 9.6/12.9 9.6/11.8 9.6/14.1 8/10.9 7/9.36 
[12.50%] [34.38%] [22.92%] [46.88%] [36.25%] [33.71%] 
50 
6 
7.6/8.55 7.6/11.7 7.6/9.32 7.6/11.2 6.9/9.53 6/7.87 
[12.50%] [53.95%] [22.63%] [47.37%] [38.12%] [31.17%] 
12 
9.5/10.5 9.5/13.5 9.5/11.6 9.5/14.1 8.1/11.2 7/9.38 
[10.53%] [42.11%] [22.11%] [48.42%] [38.27%] [34%] 
24 
11.1/12.7 11.1/15.2 11.1/14 11.1/16.7 9.2/12.9 11-Aug 
[14.41%] [36.94%] [26.13%] [50.45%] [40.22%] [37.50%] 
100 
6 
8.6/9.81 8.6/14 8.6/10.7 8.6/13.3 7.9/11.4 6.8/9.21 
[14.07%] [62.79%] [24.42%] [54.65%] [44.30%] [35.44%] 
12 
10.9/12.3 10.9/16.1 10.9/13.6 10.9/16.8 9.3/13.5 7.9/11.1 
[12.84%] [47.71%] [24.77%] [54.13%] [45.16%] [40.51%] 
24 
12.6/14.9 12.6/18 12.6/16.6 12.6/20 10.5/15.5 13-Sep 




















2 Year Rainfall Depths (Region 1)


















5 Year Rainfall Depths (Region 1)



















10 Year Rainfall Depths (Region 1)




Figure 16. Comparisons of rainfall depths (in) for each return period for Region 1 between 
LADOTD Manual intensities and city that fall within the region with rainfall depths derived 

















25 Year Rainfall Depths (Region 1)


















50 Year Rainfall Depths (Region 1)



















100 Year Rainfall Depths (Region 1)
































































Figure 17.Comparisons of rainfall depths (in) for each return period for Region 2 between 
LADOTD Manual intensities and city that fall within the region with rainfall depths derived 

























































































































Figure 18. Comparisons of rainfall depths (in) for each return period for Region 3 between 
LADOTD Manual intensities and city that fall within the region with rainfall depths derived 
























































Peak Discharge (Q) Calculations and Comparisons 
 
Knowing that there are differences in rainfall intensities when using NOAA Atlas 14 
rainfall estimates, the next step was to see how those “new” rainfall inensities affect the design of 
a certain water related projects. For any water related project design, one of the key parameters of 
the design is the peak disharge. The National Oceanic and Atmospheric Administration (NOAA) 
defines peak disharge as the highest rate of discharge of a volume of water passing a given location 
during a given period of time (e.g., during the year, or a flood event). (NOAA, 2017) 
To calculate peak discharge, the Rational method (pg.19) was used. Note that the Rational 
Method formula from Equation 1 is simply a multiplication of drainage area, rational method 
runoff coefficient, and rainfall intensity. Since we are comparing the “new” rainfall intensities 
derived using NOAA Atlas 14, the drainage area and Rational method runoff coefficient are kept 
constant at 90 acres and 0.65, respectively. Note that it is unimportant which value is chosen since 
it will not effect the comparisons in the results. Only changing variable is rainfall intenisty, “i”. 
Using these values, the peak discharges were calculated for each return period, using the apropriate 
rainfall intensity. The graphs in Figure 19 show, for each return period and duration, rainfall 
intensities (in/hr) and calculated peak discharges, Q (cfs), using the rainfall intensities. Also, note 
that within the graphs DOTD-1 stands for Region 1, DOTD-2 for Region 2, and DOTD-3 for 
Region 3 from LADOTD Hydraulics Manual, as shown in Figure 5. Six cities in three different 
LADOTD designated regions are: Baton Rouge, New Orleans, Lafayette, and Lake Charles all fall 



























Figure 19. (a-f) Top graph is comparisons of derived rainfall intensities (in/hr) for each return 
period. Bottom graph is comparisons of calculated peak discharge (cfs) values using each of the 
rainfall intensities previously derived (top graphs) with assumptions stated for Rational Method. 
*DOTD-1 is Region 1, DOTD-2 is Region 2, and DOTD-3 is Region 3. 
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The percentage differences for each of the return periods for peak discharges were exactly 
the same as the ones from the intensity comparisons in Table 10. They are the same because, when 
using the the Rational Method the only changing variable is the intensity (i) and the other two 
variables (drainage area, A, and rational method runoff coefficient, C) are kept constant. From this 
analysis, it can be concluded that when using the upper bound estimates from NOAA Atlas 14 90 
percent interval to calculate the peak discharges, the resulting percentage differences in peak 
disharges will be the precisely the same as the ones presented in Table 12.  
Infrastructure Design Calculations and Comparisons  
 
The next step of the analysis was to determine if the changes in peak discharges, calculated 
using the NOAA Atlas 14 rainfall intensities, impact the design of water related infrastructures in 
Louisiana. For this section, two project types were chosen for evaluation: Open roadside channels 
and Culverts. All of the project design calculations follow the guidelines set in LADOTD 
Hydraulics Manual.  
Design of an Open Roadside Channel 
 
The initial step was to examine what impacts the NOAA Atlas 14 design rainfall intensities 
and resultant peak discharges would have on the design of a simple open roadside channel. The 
design guidelines for open channel hydraulics are covered in chapter four of the LADOTD 
Hydraulics Manual. DOTD stipulates that open channels shall be sized and analyzed according to 
the Manning’s equation to accommodate the design flow from the area draining into the channel 
(LADOTD Hydraulics Manual, 2011). 
 For simplicity purposes, three types of open channels were chosen: Open Lined Channel, 
Open Excavated Channel, and Highway Channels and Swales with Maintained Vegetation. An 
Excel spreadsheet was developed using the DOTD equations and guidelines and used to calculate 
61 
 
and compare the resulting Area of the Flow (ft^2), Wetted Perimeter (ft), Depth (ft), and Width 
(ft) of each channel type. There are four inputs that need to be provided by the user to get the 
results: Peak Disharge, Manning’s n, Channel Slope, and the Side Slope. The Manning’s n, for 
each of the channel types, was chosen from Table 17, which is given in LADOTD Hydraulics 
Manual. For easier comparison of the results, the side slope, Z, and bed slope, S, of the channel 
were kept constant. The LADOTD Hydraulics Manual states that trapezoidal sections are normally 
used with the side slopes not to be steeper than 3:1 – therefore, this value was used here. Also, 
from the Manual, the suggested bed slope was set to be 0.1 %.  
Note that from Table 4, the minimum required design storm frequency for Roadside 
Channel is 5 years and the duration is 24 hours. However, when designing for a culvert, the 
minimum design storm frequency is 50 years. Therefore, the channel design analysis was also done 
for the 50 year storm, with the assumption that the channel would be conveying water to or from 
the culvert. Therefore, channels with 50 year storm frequencies were designed. The 50 year 24 
hour  peak discharge values used are the ones calculated using the Rational Method and the 
LADOTD regional and the NOAA Atlas 14 based rainfall intensities (both average and upper 90% 








Table 14. Example Excel Spreadsheet used to calculate all of the parameters needed in design of 
an Open Roadside Channel. 
 
 
                                               Trapezoidal Channel Spreadsheet 
  










DOTD-2 Natchitoches DOTD-3 Shreveport 
Input Q (50yr, 24hrs) (cfs) 24.209 30.603 36.561 33.727 40.321 21.506 31.181 18.114 26.553 
Input Manning’s n 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
Input Channel Slope, S 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
 A*R^2/3 20.55 25.98 31.04 28.63 34.23 18.26 26.47 15.38 22.54 
 Depth, D (ft) 2.98 3.25 3.48 3.37 3.61 2.85 3.28 2.67 3.08 
 Channel Width, B  (ft),  4.31 4.70 5.03 4.88 5.22 4.12 4.74 3.86 4.46 
Input Side Slope, Z  0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 
 Area of Flow (ft^2), A  15.76 18.79 21.47 20.21 23.10 14.42 19.05 12.68 16.89 
 Wetted Perimeter, P (ft) 10.58 11.55 12.35 11.98 12.81 10.12 11.63 9.49 10.95 
 Hydraulic Radius, R (ft) 1.49 1.63 1.74 1.69 1.80 1.42 1.64 1.34 1.54 
            
 Check for A*R^2/3 20.55 25.98 31.04 28.63 34.23 18.26 26.47 15.38 22.54 
            
 
Calculated Velocity, V 
(ft/sec^2) 
1.54 1.63 1.70 1.67 1.75 1.49 1.64 1.43 1.57 
 Top Width, T (ft) 6.27 6.85 7.32 7.10 7.60 6.00 6.90 5.63 6.49 
 
 













DOTD-2 Natchitoches DOTD-3 Shreveport 
 Q (50yr, 2hrs) 152.68 146.25 178.43 154.44 162.05 139.59 150.35 121.87 133.38 
 Q (50yr, 3hrs) 115.68 111.15 139.82 118.76 127.53 105.11 117.00 90.78 101.79 
 Q (50yr, 6hrs) 70.12 69.03 87.17 74.88 83.07 63.16 73.13 53.87 62.60 
 Q (50yr, 12hrs) 41.66 42.59 50.78 46.16 52.18 37.24 42.94 31.53 37.03 
 Q (50yr, 24hrs) 24.48 25.86 29.07 28.14 31.24 21.75 25.04 18.32 21.94 
 
Table 16. Resulting Peak Discharges for 50 year return period with upper bound estimates from 
NOAA Atlas 14 
50 
years 









DOTD-2 Natchitoches DOTD-3 Shreveport 
 Q (50yr, 2hrs) 152.68 177.26 233.42 188.37 214.11 139.59 191.88 121.87 164.39 
 Q (50yr, 3hrs) 115.68 134.55 183.11 144.50 168.48 105.11 149.76 90.78 125.19 
 Q (50yr, 6hrs) 70.12 83.66 114.08 91.26 109.98 63.16 93.02 53.87 76.64 
 Q (50yr, 12hrs) 41.66 51.19 65.52 56.16 68.45 37.24 54.58 31.53 45.51 









 Table 18 (a-c) and Figure 20 show the calculated Channel Depths, Widths, Areas of Flow, 
and Wetted Perimeters for each of the three Channel types and the calculated 50 year, 24 hour 
peak discharges.  
Table 18. Results using the Excel Spreadsheet for each channel (a. Open Excavated, b. Open 
Lined, c. Highway Channels and Swales with Maintained Vegetation) using mean estimates from 
NOAA Atlas 14 
 









DOTD-2 Natchitoches DOTD-3 Shreveport 
Q (50yr, 24hrs) (cfs) 24.297 25.454 28.925 27.768 30.661 21.405 24.876 17.934 21.983 
Depth (ft), D 2.50 2.55 2.67 2.63 2.73 2.39 2.52 2.23 2.41 
Channel Width (ft), B 3.61 3.67 3.85 3.79 3.93 3.44 3.64 3.22 3.47 
Area of Flow (ft^2), A  11.11 11.50 12.66 12.28 13.22 10.10 11.30 8.84 10.30 














DOTD-2 Natchitoches DOTD-3 Shreveport 
Q (50yr, 24hrs) (cfs) 24.297 25.454 28.925 27.768 30.661 21.405 24.876 17.934 21.983 
Depth (ft), D 2.07 2.10 2.20 2.17 2.25 1.97 2.08 1.84 1.99 
Channel Width (ft), B 2.98 3.03 3.18 3.13 3.25 2.84 3.00 2.66 2.87 
Area of Flow (ft^2), A  7.57 7.84 8.63 8.37 9.01 6.88 7.71 6.03 7.02 
Wetted Perimeter (ft), P 7.33 7.46 7.83 7.71 8.00 6.99 7.40 6.54 7.06 
 









DOTD-2 Natchitoches DOTD-3 Shreveport 
Q (50yr, 24hrs) (cfs) 24.30 25.45 28.93 27.77 30.66 21.40 24.88 17.93 21.98 
Depth (ft), D 2.98 3.04 3.19 3.14 3.26 2.85 3.01 2.66 2.87 
Channel Width (ft), B 4.30 4.38 4.59 4.52 4.69 4.10 4.34 3.84 4.14 
Area of Flow (ft^2), A  15.80 16.36 18.01 17.46 18.81 14.37 16.08 12.58 14.66 





Figure 20. Comparisons for Open Excavated Channel, Open Lined Channel, and Highway 
Channels and Swales with Maintained Vegetation 
 









Depth (ft), D Channel Width (ft), B Area of Flow (ft^2), A Wetted Perimiter (ft), P
Open Channel, Excavated 
DOTD-1 Baton Rouge New Orleans Lafayette Lake Charles







Depth f(t), D Channel Width (ft), B Area of Flow (ft^2), A Wetted Perimiter (ft), P
Open Channel, Lined 
DOTD-1 Baton Rouge New Orleans Lafayette Lake Charles




Depth f(t), D Channel Width (ft), B Area of Flow (ft^2), A Wetted Perimiter (ft), P
Highway Channels and Swales with Maintained Vegetation -
Moved to 2"
DOTD-1 Baton Rouge New Orleans Lafayette Lake Charles
DOTD-2 Natchitoches DOTD-3 Shreveport
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Table 19 shows the % difference in the calculated channel parameters between the average 
NOAA Atlas 14- and the LADOTD- based rainfall values. 
Table 19. Differences (%) in resulting parameters for individual city when compared to 













DOTD-2 Shreveport  DOTD-3 Natchitoches 
Q (50yr, 24hrs) (cfs) 0.00 4.76 19.05 14.29 26.19 0.00 22.58 0.00 16.22 
Area of Flow (ft^2), A  0.00 3.55 13.97 10.53 19.06 0.00 16.50 0.00 11.93 
Channel Width (ft), B 0.00 1.76 6.76 5.13 9.12 0.00 7.93 0.00 5.80 
Channel Depth (ft), D 0.00 1.76 6.76 5.13 9.12 0.00 7.93 0.00 5.80 
 
It is to be noted here that the differences calculated for each of the channel types (Open 
Excavated, Open Lined, and Highway Channels and Swales with Maintained Vegetation) are all 
the exact same since the only input parameter that is changed is the Manning’s n. Also, Wetted 
Perimeter parameter differences are exactly the same as Channel Width and Channel Depth.   
Table 20 (a-c), and  Figure 21 show the channel parameters calculated using the NOAA 








Table 20. Results using the Excel Spreadsheet for each channel (a. Open Excavated, b. Open 
Lined, c. Highway Channels and Swales with Maintained Vegetation) using upper bound 
estimates from NOAA Atlas 14 
 









DOTD-2 Natchitoches DOTD-3 Shreveport 
Q (50yr, 24hrs) (cfs) 24.481 30.947 36.972 34.106 40.775 21.747 31.532 18.317 26.852 
Depth (ft), D 2.51 2.74 2.93 2.84 3.04 2.40 2.76 2.25 2.60 
Channel Width (ft), B 3.62 3.95 4.22 4.09 4.38 3.46 3.98 3.24 3.74 
Area of Flow (ft^2), A  11.17 13.31 15.22 14.32 16.37 10.22 13.50 8.98 11.97 
Wetted Perimeter (ft), P 8.90 9.72 10.39 10.08 10.78 8.52 9.79 7.99 9.22 
 









DOTD-2 Natchitoches DOTD-3 Shreveport 
Q (50yr, 24hrs) (cfs) 24.481 30.947 36.972 34.106 40.775 21.747 31.532 18.317 26.852 
Depth (ft), D 2.07 2.26 2.42 2.35 2.51 1.98 2.28 1.86 2.14 
Channel Width (ft), B 2.99 3.26 3.48 3.38 3.62 2.86 3.28 2.68 3.09 
Area of Flow (ft^2), A  7.61 9.08 10.37 9.76 11.16 6.97 9.21 6.13 8.16 
Wetted Perimeter (ft), P 7.35 8.03 8.58 8.33 8.90 7.03 8.08 6.59 7.61 
 









DOTD-2 Natchitoches DOTD-3 Shreveport 
Q (50yr, 24hrs) (cfs) 24.48 30.95 36.97 34.11 40.77 21.75 31.53 18.32 26.85 
Depth (ft), D 2.99 3.27 3.49 3.39 3.62 2.86 3.29 2.68 3.10 
Channel Width (ft), B 4.31 4.71 5.03 4.88 5.22 4.13 4.74 3.87 4.47 
Area of Flow (ft^2), A  15.89 18.94 21.65 20.37 23.29 14.54 19.21 12.78 17.03 








Figure 21. Comparisons for Open Excavated Channel, Open Lined Channel, and Highway 
Channels and Swales with Maintained Vegetation 
 






Table 21 shows the % difference in the calculated channel parameters between the 90% 
upper bound NOAA Atlas 14- and the LADOTD-based rainfall values. 
Table 21. Differences (%) in resulting parameters for individual city when compared to 













DOTD-2 Shreveport DOTD-3 Natchitoches 
Q (5yr, 24hrs) (cfs) 0.00 26.41 51.02 39.31 66.56 0.00 46.59 0.00 44.99 
Area of Flow (ft^2), A 0.00 19.22 36.23 28.23 46.61 0.00 33.22 0.00 32.13 
Channel Width (ft), B 0.00 9.19 16.72 13.24 21.08 0.00 15.42 0.00 14.95 
Channel Depth (ft), D 0.00 9.19 16.72 13.24 21.08 0.00 15.42 0.00 14.95 
 
As before, the differences calculated for each of the channel types (Open Excavated, Open 
Lined, and Highway Channels and Swales with Maintained Vegetation) are all the exact same 
since the only input parameter that is changed is the Manning’s n. 
Design of Culverts 
 
The next step was to look at what impacts the NOAA Atlas 14 rainfall intensities and 
Rational Method calculated peak discharges would have on the design of a culvert. The design 
guidelines and equations for  culvert hydraulics are covered in chapters five and six. The hydraulic 
design of a cross drain consists of an analysis of the performance of the culvert in conveying flow 
from one side of the roadway to the other. Proper culvert design includes discharge, tailwater 
elevation, headwater elevation, proper alignment, outlet velocity and proper maintenance 
(LADOTD Hydraulics Manual, 2011).      
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 Culvert design includes the use of the following terms and concepts (LADOTD Hydraulics 
Manual, 2011):  
 Allowable Differential Head (ΔH): The difference between headwater and tailwater. 
 Flow Line (FL): Flow line is defined as the elevation of the bottom of the inside of a culvert. 
 Headwater (HW): Any culvert, which constricts the natural stream flow, will cause a rise 
in upstream water surface to some extent. Headwater (HW) is defined as the total flow 
depth of the upstream water surface measured from the culvert inlet flow line. 
 Tailwater (TW): Tailwater (TW) is defined as the flow depth of water downstream of the 
culvert measured from the flow line of the culvert outlet. Tailwater can be an important 
factor in culvert hydraulic design because a submerged outlet may cause culverts to flow 
full rather than partially full. 
The design storm frequency used in the analysis is based on the Projected Annual Average 
Daily Traffic (PAADT). The figure below, Figure 22, shows the general guidelines for design 




Figure 22. Guidelines for design parameters Allowable Headwater, AHW, and Allowable 
Differential Head, ADH (LADOTD Hydraulics Manual, 2011) 
 
Differential head is most practical design consideration. On one hand, in areas that Differential 
Head (∆H) controls, it should be less than or equal to one foot. On the other hand, in areas that are 
“flood sensitive” (such as urban areas in low spots that flood frequently), ΔH should be kept at a 
slight increase that does not exceed 0.5 ft. Overall, when the gradient of the upstream land is 
appreciable and the existing development is smallest, then the Allowable Headwater (AHW) 
asserts more importance than the Differential Head (ΔH). It is also important to note that the 
Allowable Headwater Elevation for the design event should be at least one foot below the lowest 
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elevation of the paved surface (excluding the shoulder), but may not exceed three (3) feet above 
the top opening elevation of the pipe.citation. (LADOTD Hydraulics Manual, 2011) 
The LADOTD Hydraulics Manual specifies use of the following programs for the design of 
hydraulic structures for LADOTD highways: 
A. The LADOTD computer program HYDR1120: “Hydraulic Analysis of Culverts” is based 
on the procedures outlined in this section. 
B. HY 8 – FHWA computer program for hydraulic analysis of culverts.  
 Federal Highway Administration's (FHWA) software package HY-8 is a direct and 
technically accurate approach to culvert analysis. HY-8 automates culvert hydraulic computations 
utilizing a number of essential features that make culvert analysis and design easier (Bridges & 
Structures, 2017). HY-8 allows users to evaluate: 
 The performance of culverts  
 Multiple culvert barrels at a single crossing as well as multiple crossings  
 Roadway overtopping at the crossing  
 Documentation in the form of performance tables, graphs, and key information regarding 
the input variables 
 HY-8 Culvert Hydraulic Analysis Program can be used to perform calculations for culvert 
analysis (including independent and multiple barrel sizing), hydrograph generation, hydrograph 
routing, roadway overtopping and outlet scour estimates. With the appropriate input data, HY-8 
computes the culvert hydraulics for circular, rectangular, elliptical, arch and custom culverts. To 
conduct the culvert analysis, there needs to be a particular culvert file, which much include the 
following: maximum discharge values, inlet and outlet stations and inverts, culvert material and 
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dimensions, inlet type and inlet conditions, roadway elevation and material, and a tailwater rating 
curve. (Ministry of Transportation, 2013) 
These values can be input into HY-8 using the step-by-step data editor (Figure 23) for creating a 
new file or modifying an existing file.   
 
Figure 23. Peak Discharge data (left) and input data editor (right) in HY-8 
 























Figure 24. Data Inputs needed in HY-8 
 
Culvert analysis was performed using the LADOTD guidelines (Figure 22) and the HY-8 
software. As stated in the previous section, when designing for a culvert, the minimum design 
storm frequency is 50 years and to design for a 50 year storm culvert, a channel that is designed 
for a 50 year storm is also required. Therefore, channel parameters with 50 year storm frequencies 
(designed in previous section (Table 18)) were used.  The parameters, required for input in HY-8 
culvert analysis, for a channel are: bottom width, side slope, channel slope, and Manning’s n. As 
with the previous analyses, the peak discharges from Table 15 were used. Two types of culverts 
were chosen to be analyzed; concrete pipe and corrugated metal pipe culvert.  
Allowable Differential Head (ADH) and Allowable Headwater (AHW) are the two primary 
design constraints in culvert design. The first step was to use the HY-8 software to design a culvert 
using the LADOTD prescribed peak discharges that would meet the guidelines and satisfy the 
constraints. The second step was to use those culvert designs and analyze how they perform using 
the peak discharges derived from NOAA Atlas 14, both average and 90 % upper bound. In other 











and is it adequate to handle NOAA Atlas 14 peak discharges?” Initial step was to input all the data 
as described in Figure 24. Data inputs for each culvert are shown in Table 22.  








The second step was to run HY-8 and analyze the culvert’s performance using LADOTD’S 
peak discharges. Once the acceptable culvert was designed, using LADOTD’s peak discharges, 
the same culvert was run again in HY-8 but this time with NOAA Atlas 14 Peak Discharges. 
Furthermore, analyzed how the culvert designed with LADOTD’s peak discharges performed with 
Parameter Value Parameter Value
Discharge data Culvert Data
Discharge Method User Defined CFS Shape Circular
Discharge List Defined CFS Material Concrete
Diameter 3 FT
Embedment Depth 0
Tailwater Data Manning's n 0.012
Channel Type Trapezoidal Channel Culvert Type Straight
Bottom Width 4 FT Inlet Configuration
Channel Slope, S 0.001 Inlet Depression? no
Manning's n 0.027
Channel Invert Elevation 100 FT Site Data
Inlet Station 700 FT
Roadway Data Inlet Elevation 100.03 FT
First Roadway Station 0 FT Outlet Station 730 FT
Crest Length 6 FT Oulet Elevation 100 FT
Crest Elevation 104 FT Number of Barells 1
Roadway Surface Paved
Top Width 20 FT
Inputs for HY8 for CONCRETE CULVERT 
Parameter Value Parameter Value
Discharge data Culvert Data
Discharge Method User Defined CFS Shape Circular
Discharge List Defined CFS Material Corrugated Steel
Diameter 3.5 FT
Embedment Depth 0
Tailwater Data Manning's n 0.024
Channel Type Trapezoidal Channel Culvert Type Straight
Bottom Width 4 FT Inlet Configuration
Channel Slope, S 0.001 Inlet Depression? no
Manning's n 0.027
Channel Invert Elevation 100 FT Site Data
Inlet Station 700 FT
Roadway Data Inlet Elevation 100.03 FT
First Roadway Station 0 FT Outlet Station 730 FT
Crest Length 6 FT Oulet Elevation 100 FT
Crest Elevation 104.5 FT Number of Barells 1
Roadway Surface Paved
Top Width 20 FT
Inputs for HY8 for CORRUGATED CULVERT 
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peak discharges derived from NOAA Atlas 14. Following figures and tables illustrate the 
comparisons. 
 
Figure 25. Example HY-8 Output for each culvert, designed using LADOTD’s Peak Discharges, 
showing AHW and ADH 
 
Table 23 and Figure 26 show the results from the HY-8 calculations for the two types of 
pipes (concrete and corrugated steel). As in previous analyses, the LADOTD and “City” values 
are based on the source of the rainfall intensity values and resulting peak discharges.  Table 23 c) 
and d) show the same comparisons using NOAA Atlas 14th upper bound estimates. Table 23 e) 
and f) were produced to see what would transpire to the same LADOTD-based culverts if a 100-
year storm is to pass through.   
As stated in the DOTD Hydraulics Manual guidelines, the Allowable Differential Head 
(ADH) should never exceed one foot and the Allowable Headwater Elevation (AHW) for the 
design event should be at least one foot below the lowest elevation of the paved surface. Results 
in Table 23, highlighted in green, mean that the design requirements, of ADH and AHW, are 
fulfilled and red means that design requirements are not met. Within the graphs in Figure 26, a line 
(black line) is drawn to indicate the one-foot; if the blue column, representing ADH, is larger than 
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the one-foot at that point the design is not satisfactory. Also, if the orange column, representing 
AHW, is less than the one-foot the design is not satisfactory as well.  
Table 23. Tables (a-f) ADH and AHW for concrete and corrugated pipes using 50 and 100 years 
return period peak discharges from LADOTD Manual and compared to the NOAA Atlas 14th 
estimates for each city 
 
a) 50 Year Return Period with Mean NOAA Atlas 14 estimates using Concrete Pipe; green 










 ΔH (ft) AHW (ft) 
DOTD-3 18.32 102.16 101.39 0.77 1.84 
DOTD-2 21.57 102.37 101.51 0.86 1.63 
SHREVEPORT 21.94 102.39 101.52 0.87 1.61 
DOTD-1 24.48 102.54 101.6 0.94 1.46 
NATCHITOCHE 25.04 102.58 101.62 0.96 1.42 
BATON ROUGE 25.86 102.63 101.64 0.99 1.37 
LAFAYETTE 28.14 102.76 101.71 1.05 1.24 
NEW ORLEANS 29.07 102.82 101.74 1.08 1.18 
LAKE CHARLES 31.24 102.94 101.8 1.14 1.06 
 
b) 50 Year Return Period with Mean NOAA Atlas 14 estimates using Corrugated Pipe; green 










 ΔH (ft) AHW (ft) 
DOTD-3 18.32 102.2 101.39 0.81 2.3 
DOTD-2 21.57 102.4 101.51 0.89 2.1 
SHREVEPORT 21.94 102.42 101.52 0.9 2.08 
DOTD-1 24.48 102.57 101.6 0.97 1.93 
NATCHITOCHE 25.04 102.61 101.62 0.99 1.89 
BATON ROUGE 25.86 102.65 101.64 1.01 1.85 
LAFAYETTE 28.14 102.78 101.71 1.07 1.72 
NEW ORLEANS 29.07 102.84 101.74 1.1 1.66 









c) 50 Year Return Period with Upper Bounds from NOAA Atlas 14 estimates using Concrete Pipe; 










 ΔH (ft) AHW (ft) 
 DOTD-3 18.32 102.16 101.39 0.77 1.84 
 DOTD-2 21.75 102.38 101.51 0.87 1.62 
 DOTD-1 24.48 102.54 101.6 0.94 1.46 
 SHREVEPORT 26.85 102.69 101.67 1.02 1.31 
 BATON ROUGE 30.95 102.93 101.79 1.14 1.07 
NATCHITOCHES 31.53 102.96 101.8 1.16 1.04 
 LAFAYETTE 34.11 103.11 101.87 1.24 0.89 
 NEW ORLEANS 36.97 103.27 101.94 1.33 0.73 
 LAKE CHARLES 40.77 103.48 102.03 1.45 0.52 
 
d) 50 Year Return Period with Upper Bounds from NOAA Atlas 14 estimates using Corrugated 










 ΔH (ft) AHW (ft) 
 DOTD-3 18.32 102.2 101.39 0.81 2.3 
 DOTD-2 21.75 102.41 101.51 0.9 2.09 
 DOTD-1 24.48 102.57 101.6 0.97 1.93 
 SHREVEPORT 26.85 102.71 101.67 1.04 1.79 
 BATON ROUGE 30.95 102.94 101.79 1.15 1.56 
NATCHITOCHES 31.53 102.97 101.8 1.17 1.53 
 LAFAYETTE 34.11 103.11 101.87 1.24 1.39 
 NEW ORLEANS 36.97 103.26 101.94 1.32 1.24 

















e) 100 Year Return Period with Mean NOAA Atlas 14 estimates using Concrete Pipe; green means 










 ΔH (ft) AHW (ft) 
 DOTD-3 20.87 102.32 101.48 0.84 1.68 
 SHREVEPORT 25.33 102.6 101.63 0.97 1.4 
 DOTD-2 25.94 102.63 101.65 0.98 1.37 
 DOTD-1 28.47 102.78 101.72 1.06 1.22 
 NATCHITOCHE 29.13 102.82 101.74 1.08 1.18 
 BATON ROUGE 29.87 102.86 101.76 1.1 1.14 
 LAFAYETTE 32.76 103.03 101.84 1.19 0.97 
 NEW ORLEANS 33.7 103.08 101.86 1.22 0.92 
 LAKE CHARLES 36.5 103.24 101.93 1.31 0.76 
 
f) 100 Year Return Period with Mean NOAA Atlas 14 estimates using Corrugated 










 ΔH (ft) AHW (ft) 
 DOTD-3 20.87 102.36 101.48 0.88 2.14 
 SHREVEPORT 25.33 102.62 101.63 0.99 1.88 
 DOTD-2 25.94 102.66 101.65 1.01 1.84 
 DOTD-1 28.47 102.8 101.72 1.08 1.7 
 NATCHITOCHE 29.13 102.84 101.74 1.1 1.66 
 BATON ROUGE 29.87 102.88 101.76 1.12 1.62 
 LAFAYETTE 32.76 103.04 101.84 1.2 1.46 
 NEW ORLEANS 33.7 103.09 101.86 1.23 1.41 















Figure 26. ADH and AHW, both in feet, for concrete and corrugated pipes using 50 and 100 
years return period peak discharges from LADOTD Manual and compared to the NOAA Atlas 
14th estimates for each city. A line (black line) is drawn to indicate the one foot; if the blue 
column, representing ADH, is larger than the one foot at that point the design is not satisfactory, 
















Conclusions and Recommendations 
The Louisiana Department of Transportation and Development Hydraulics Manual 
contains maximum annual 24-hour rainfall maps and Intensity-Duration-Frequency (IDF) curves 
for return periods of 2, 5, 10, 25, 50, and 100 years, all developed using hourly precipitation data. 
Also, the Manual divides Louisiana into three regions and notes that all the cities within given 
region should use the same specified rainfall design value. With the emergence of NOAA Atlas 
14, also known as Precipitation-Frequency Atlas of United States, containing the latest rainfall 
data for much of the United States and rainfall intensity estimates on the local scale, new estimates 
for the return periods of 2, 5, 10, 25, 50, and 100 years can be calculated at the city, rather than the 
regional, level. The first objective of this thesis research was to analyze and compare individual 
cities’ rainfall depth and rainfall intensity estimates to the regionally-based values published in the 
LADOTD Hydraulics Manual. For this study, six cities were chosen in three different LADOTD 
designated regions: Baton Rouge, New Orleans, Lafayette, and Lake Charles (Region 1); 
Natchitoches (Region 2); and finally Shreveport (Region 3) (Figure 5). The analysis showed that 
the current LADOTD Hydraulics Manual methods, used to determine the rainfall intensities, 
rainfall depths, and peak discharges, underestimate each in most of the cities for every return 
period. These underestimates vary from city to city.  
The rainfall intensity values, required when using the Rational Method for estimating peak 
discharge, in Lake Charles are underestimated by as much as 24 to 28 percent for the return periods 
of 5, 10 25, 50 and 100 years, while the intensities in New Orleans and Shreveport were both 
underestimated between 18 and 22 percent for the return periods of 5, 10 25, 50 and 100 years 
(Table 10). Furthermore, comparisons using the upper bound intensities of the 90 percent 
confidence interval from NOAA Atlas 14 versus the LADOTD’s intensities showed that the Lake 
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Charles intensities were underestimated by as much as 52 to 71 percent for the return periods of 5, 
10 25, 50 and 100 years, and New Orleans and Shreveport were both underestimated between 35 
and 54 percent for the return periods of 5, 10 25, 50 and 100 years (Table 12).  
  The rainfall depth values, required when using the NRCS Method, in Lake Charles again 
indicated the largest underestimates with Natchitoches and Shreveport coming in second with very 
similar results. Lake Charles was underestimated by as much as 8 to 19 percent for the return 
periods of 5, 10 25, 50 and 100 years. New Orleans and Shreveport were both underestimated 
between 7 and 16 percent for the return periods of 5, 10 25, 50 and 100 years (Table 11). Same as 
with rainfall intensities, comparisons using only the upper bound depths of the 90 percent 
confidence interval from NOAA Atlas 14 versus the LADOTD’s rainfall depths showed that the 
Lake Charles depths were underestimated by as much as 33 to 59 percent for the return periods of 
5, 10 25, 50 and 100 years. New Orleans and Shreveport were both underestimated between 23 
and 48 percent for the return periods of 5, 10 25, 50 and 100 years (Table 13). 
When comparing results derived on regional scale, as suggested in LADOTD Manual, with 
the results using NOAA Atlas 14, on local scale, it was observed that there were variations in 
rainfall intensities, rainfall depths, and peak discharges.  Region one contained four major cities in 
Louisiana. Comparisons of rainfall intensity and rainfall depth values indicated that all of the cities 
differed from each other and all, but Baton Rouge, differed significantly from LADOTD values.  
Region two and region three contained one city each and in both regions rainfall intensity and 
depth values differed significantly from LADOTD values. Since there is a variation within the 
results and proof of regional scale underestimating rainfall intensity and rainfall depth values, it is 
concluded that more accurate estimates for rainfall intensities, rainfall depths, and peak discharges 
can be achieved using a local scale.  
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 The final step of the analysis was to see if the changes in rainfall intensities and the 
resulting peak discharges, calculated using the Rational Method, impact the design of two types of 
water related infrastructure, Open Roadside Channels and Culvverts.  
For the design of an open roadside channel three different types of channels were evaluated. 
Open Lined Channel, Open Excavated Channel, and Highway Channels and Swales with 
Maintained Vegetation were chosen to see how the peak discharges, calculated using the NOAA 
Atlas 14 rainfall intensities, would effect their design and if it would have any impacts on channel 
parameters.  Each channel type  was designed using peak discharges calculated from the Rational 
Method using each of the three rainfall intensity values: the LA DOTD Hydraulics Manual value, 
the NOAA Alas 14 mean value  and the NOAA Atlas 14 90% upper bound value. From Table 19, 
using mean estimates, it is determined that when designing either one of the types of channels, 
LADOTD values underestimates the “area of the flow” parameter for design by as much as 14 % 
in New Orleans and 19 % in Lake Charles. Channel depth and width parameters were 
underestimated by 7 % in New Orleans and 9 % in Lake Charles. With the diffrerences between 
parameters being small, the actual design using LADOTD values with addition of Free Board 
would be able to carry the peak discharges derived using NOAA Atlas 14.  However, from Table 
21, using upper bound estimates, it is determined that when designing either one of the types of 
channels, LADOTD values further underestimate the “area of the flow” parameter for design by 
as much as 36% in New Orleans and 47 % in Lake Charles. Channel depth and width parameters 
were underestimated by 17 % in New Orleans and 21 % in Lake Charles. Since the differences 
between parameters increased, the actual design using LADOTD values with addition of Free 
Board would now barely carry the peak discharges derived using NOAA Atlas 14 in New Orleans, 
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but would not in Lake Charles. Note that the differences were not as high as they were when 
comparing the rainfall intesity parameters but nonetheless, were significant.  
The two primary culvert design constraints are Allowable Differential Head (ADH) and 
Allowable Headwater (AHW). In this part of the research, HY-8 software was used to first design 
two types of culverts (concrete and corrugated metal) using the peak discharges, calculated using 
the Rational Method and the LADOTD rainfall intensity. Once the culvert dimensions were 
determined, the culvert hydraulics were calculated for peak discharges, calculated using the 
Rational Method and the NOAA Atlas 14 mean and 90% upper bound rainfall intensities, and 
analyzed to see if they still met the design constraints. All of these analyses were performed on a 
regional (LADOTD) and local (NOAA Atlas 14) basis. 
The comparisons (Table 23 a and b) show that the resulting ADH and AHW for concrete 
and corrugated pipe culverts sized using 50 year return period peak discharges from LADOTD 
Manual would not be satisfactory for peak discharges calculated using the NOAA Atlas 14 rainfall 
intensities in Lafayette, New Orleans, and Lake Charles. In addition, corrugated culvert sized using 
the LADOTD approach would not be satisfactory in Baton Rouge, Lafayette, New Orleans, and 
Lake Charles. None of the culverts analyzed using the peak discharges based on the NOAA Atlas 
14 90% upper bound rainfall intensities met the design constraints (Table 23 c and d).  
Design rainfall values are of vital importance for hydrologic engineering. Across the 
Louisiana, patterns in precipitation have been changing.  Design rainfall intensities and rainfall 
depths currently used in LADOTD Hydraulic Manual are outdated and in need of reevaluation. 
This research provides an alternative, use of NOAA Atlas 14, that includes most recent 30 years 
of rainfall data and greater number of gauge stations which leads to more accurate rainfall depth 
and rainfall intensity estimates. Unlike LADOTD Hydraulics Manual, NOAA Atlas 14 allows 
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users to gather design rainfall values at local scale; adding greater variability and accuracy. Also, 
this research provides an example of how the changes of design rainfall values impact design 
discharges for open roadside channels and culverts. Using the best available data for the 
management of storm water will produce a better design of water related infrastructure in 
Louisiana and protect communities from unnecessary risks. 
Further analyses and comparisons of other design projects such as designs of storm drains 
and inlets, roadway grade, bridges, cross drains, and/or interstates, which all require different 
return periods, should be performed to see what further impacts the updated design rainfall values 
have on those infrastructures. LADOTD Hydraulics Manual uses United States Geological Survey, 
USGS, Method for projects that have drainage area larger than 2000 acres. For this method 
LADOTD uses an isohyetal line map for its annual rainfall data that was developed in 1974. This 
map is also oudated and future work need to be done to see if NOAA Atlas 14 can be used for 
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